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Die Forschung iiber die Wirkungen und Wirkungsweisen psychotroper Substanzen hat 
in den letzten Jahren einen unerhérten Aufschwung genommen. Was vordem nur ein er- 
wiinschtes Ziel war, ist zu einer neuen Wissenschaft geworden: Psychopharmakologie. Da 
eine fruchtbare Analyse und Synthese ihrer Probleme nur durch Zusammenarbeit aller 
Grundfacher (Pharmakologie, Neurochemie, Neurophysiologie, Neurologie, Psychologie und 
Psychiatrie) méglich wird, ist die Psychopharmakologie eine verbindende, integrierende 
Forschungsdisziplin. Die standig anwachsende Literatur dieses komplexen Arbeitsgebietes 
ist jedoch bisher zwangslaufig iiber zahlreiche Zeitschriften verstreut, da es bis heute kein 
Spezialorgan gab, das sich ausschlieBlich der Psychopharmakologie widmet. Diesem dringen- 
den Bediirfnis zu begegnen, hat sich eine Gruppe von Vertretern der verschiedenen Arbeits- 
richtungen der Psychopharmakologie entschlossen, eine neue Zeitschrift ,,Psychopharma- 
cologia“ zu griinden. In ihr sollen die bedeutenden Fortschritte dieses Arbeitsgebietes durch 
Verdéffentlichung experimenteller und klinischer Originalarbeiten, Ubersichten der neuesten 
Literatur sowie kurzer Originalmitteilungen zusammengefaBt werden. 


Recent years have witnessed an unprecedented advance in research on the action and 
effects of psychotropic drugs, and what, formerly, was just a distant goal, has now evolved into 
a new branch of science: psychopharmacology. As, however, any fruitful analysis and synthesis 
of its problems can only be attained with the aid of the complete scale of basic sciences (pharma- 
cology, neurochemistry, neurophysiology, neurology, psychology and psychiatry), psycho- 
pharmacology constitutes an integrating discipline of research. Owing to the lack of an organ 
devoted especially to psychopharmacology, the constantly increasing literature pertaining to 
this complex field of activity has hitherto of necessity been scattered among various periodicals. 
In order to overcome this drawback, a group of representatives of the various psychopharma- 
cologic sections have engaged in editing a journal, “Psychopharmacologia”, in which the 
publication of original experimental and clinical papers, reviews of recent literature and short 
original notices will provide a comprehensive survey of the important progress which is being 
actually achieved in this field of science. 


Ces derniéres années ont vu un développement sans précédent dans la recherche des 
effets et du mode d’action des substances psychotropes sur le «Comportement» et ont fait 
naitre une nouvelle science: la Psychopharmacologie. Comme ces problémes ne peuvent étre 
résolus que par la collaboration des disciplines de base telles que Ja pharmacologie, la neuro- 
chimie, la neurophysiologie, la psychologie et la psychiatrie, la psychopharmacologie est 
devenue un champ de recherche de premiére importance. Cependant la littérature toujours 


croissante en ce domaine de recherche est forcément disséminée dans de nombreux périodi- _ 


ques, puisqu’il n’existe pas encore de journal exclusivement consacré & la psychopharma- 
cologie. Pour répondre & ce pressant besoin un groupe de représentants des diverses dis- 
ciplines de la psychopharmacologie s’est mis en devoir de rédiger un nouveau journal dans 
lequel seraient rassemblés les progrés importants de ce domair.e, par la publication d’ouvrages 
originaux expérimentaux et cliniques, ainsi que des rapports sur des questions actuelles. 


Richtlinien fiir die Mitarbeiter siehe am Schlu8 des Heftes. — Directions te Authors are given 
at the end of this number. — Directives destinées aux auteurs, voir 4 la fin du fascieule, 
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gehenden Materials zwanglos in einzeln berechneten Heften, die zu den vereinigt werden. 
Fiir den Inhalt von ,,Kurzen Originalmitteilungen“ und ,,Briefen an die Herausgeber“ 
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Meinung der Redaktion wiedergeben. 

Grundsiatzlich diirfen nur Arbeiten eingereicht werden, die vorher weder im Inland noch 
im Ausland veréffentlicht worden sind. Der Autor verpflichtet sich, sie auch nachtraglich 
nicht an anderer Stelle zu publizieren. Mit der Annahme des Manuskriptes und seiner Ver- 
offentlichung durch den Verlag geht das Verlagsrecht fiir alle Sprachen und Lander einschlieB- 
lich des Rechts der fotomechanischen Wiedergabe oder einer sonstigen Vervielfaltigung an 
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Bundesverband der Deutschen Industrie abgeschlossenen Rahmenabkommens die An- 
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Pauschalabkommen mit dem Verlag vereinbart worden ist, ist eine Wertmarke im Betrage 
von DM 0.30 pro Seite zu verwenden. Der Verlag lat diese Betrige den Autorenverbinden 
zuflieBen. 

Die Wiedergabe von Gebrauchsnamen, Handelsnamen, Warenbezeichnungen usw. in 
dieser Zeitschrift berechtigt auch ohne besondere Kennzeichnung nicht zu der Annahme, daB 
solche Namen im Sinn der Warenzeichen- und Markenschutz-Gesetzgebung als frei zu betrach- 
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In order to avoid delay in publication, this journal is issued at indefinite intervals, 
according to the material received, and consists of loose numbers, priced singly, for sub- 
sequent assembly in volumes. 

Responsibility for the contents of “Short communications” or ‘‘Letters to the Editor” 
devolves exclusively on the authors themselves, such contributions not necessarily representing 
the opinion of the editors. : 

FP ose attention is drawn to the fact that sole copyright for all languages and lands is 

erred to the publishers immediately the manuscript is accepted and published by them. 
It is a fundamental condition that no manuscript submitted shall have been or will be pub- 
lished elsewhere either at home or abroad. 

Unless special permission has been granted by the publishers, no photographic reproduc- 
tions, microfilms, microphotos or other reproductions of a similar nature may be made of the 
journals, of individual contributions contained therein or of extracts therefrom. 

The reproduction of registered names, trade marks, etc. in this journal, even if not spe- 
cially indicated, does not. warrant the assumption that such names, as defined by the laws 
affecting protection of trade marks, etc., may be regarded as uncontrolled and therefore for 


the free use of everybody. 


Cette revue parait 4 intervalles rapprochés dans la mesure des articles regus, sans néan- 
moins obligation de publication réguliére et de prix fixe, sous forme de fascicules séparés 
qui seront reliés en volumes. 

Seuls les auteurs sont responsables des informations et opinions contenues dans les 
rubriques: «Communications bréves» et «Lettres 4 ]’éditeur»; ces contributions ne sauraient 
toujours représenter l’opinion de la rédaction. 

L’attention est tout particuliérement ‘attirée sur le fait qu’une fois le manuscrit accepté 
et publié par les éditeurs, l’unique copyright pour tous pays et toutes leur est réservé. 
Ne doivent étre en principe envoyés que les ouvrages qui n’ont jamais été et ne seront jamais 
publiés ni dans le pays méme de |’auteur ni a l’étranger. 

En outre, il n’est pas permis sans l'autorisation expresse des éditeurs de faire des repro- 
ductions photographiques, des microfilms, des microphotos, etc. . .., des revues publiées, des 
communications individuelles ou d’extraits de ces iéres. 

La reproduction dans cette revue de marques déposées, marques de fabrique, désigna- 
tions de marchandises, etc., méme sans indication spéciale, n’autorise pas & croire que ces 
noms définis par la législation commerciale sur les marques et la propriété industrielle puissent 
étre laissés au libre usage de chacun. 
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wickelt wurde.« (1) 


»Librium ist eine psychotrop wirkende Substanz, die sediert, entspannt und 
damit kontaktbereiter macht. . . « (2) 


»Die Daten der Hamogramme, Urinanalysen und Leberfunktionstests blieben 
innerhalb der Normg. (3) 


1 Harris, H.: J. Amer. Med. Ass. 172, 11, 1162 (1960) 


2 Voelkel, A.: Vortrag Tagg. Dtsch. Sektion Internat. Ges. Psycho-Pharmako- Therapie Nurnberg 
30. IV. -1. V. 1960 


3 Tobin, J. M., Bird, |. F., Boyle, D. E.: Dis. Nerv. Syst. 21, Beiheft 3, 11 (1960). 
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Original Investigations Originalarbeiten Travauz originaux 


Institute for Cardiovascular Research, Praha-Kré, CSR 


The Effect of Long-term Oral Combination of Methylphenidate 
and Reserpine on the Autonomic Phenomena at Rest 
and on Inborn and Acquired Reflexes of Dogs* 

By 
V. Euruicn, K. FroXkov and L. Sitter 
With 4 Figures in the Text 
(Received December 18, 1959) 


The object of this paper is to contribute towards clarifying the indica- 
tion of the combined medication of methylphenidate and reserpine, to 
increase our knowledge of the mechanism of the effect of these two sub- 
stances, particularly to characterize their antagonism (CoLE and GLEES 
1956) more closely and finally to contribute towards analyzing the me- 
chanisms governing vegetative changes during inborn and acquired re- 
flexes. 

Up till now the effect of the combination of reserpine and methyl- 
phenidate has been studied experimentally by observation of the behav- 
iour of animals after single injections of large doses only (COLE and GLEEs, 
1956, Davis 1957). With this arrangement the authors found that methyl- 
phenidate interferes with the effect of reserpine on the behaviour of 
monkeys for several hours. 

In clinical, especially cardiologic praxis however reserpine is usually 
applied orally for a long time, methylphenidate is added to it in order to 
prevent the undesirable “‘side”’- effects without disturbing the desired 
effect. The object of the present experiments, therefore, is to investigate 
the action of the combination of the two substances, with an experimen- 
tal arrangement which corresponds as closely as possible to the way in 
which these substances are used clinically and which enables the effect 
of the combination of the two substances on the acquired reactions, i.e. 
on the adaptation of the organism to its surroundings, to be distinguished 
from the effect on inborn reactions. 

We investigated the effect of long-term oral administration of methyl- 
phenidate on dogs, which for two weeks prior to this medication and 
simultaneously with it received reserpine orally each day. For this pur- 
pose we studied the autonomic phenomena at rest, the autonomic reac- 
tions during food intake, during the conditioned alimentary reflex and 
during differential stimulus (FroNKovA et al. 1957). Both substances 


* A preliminary report of these results was made at the ‘Pharmacological 
Days” in Plzeh, September 11, 1959. 
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were given daily in amounts corresponding to the doses used clinically. 
The effect of the combined medication of reserpine and methylphenidate 
was compared with the effect of long-term oral medication with reserpine 
alone (EHRLICH at al. 1958) and that of methylphenidate alone (EHRLICH 
et al. 1960) studied under the same experimental arrangement. 


Methods 

Arrangement of experiments. In asound-proof, constant temperature | 
chamber 228 experiments were carried out with four dogs whose condi- 
tioned alimentary reflexes and differential inhibitions to sound signals | 
had previously been worked out. As a rule, the dogs received thirty grams 
of wet powder, consisting of dried meat and crackers, four times during 
one experiment. Before the first and last serving, the conditioned signal 
rang for only two seconds. Before the second and third serving, it rang 
for ten seconds. After the second feeding, there followed the differential | 
signal, which was never combined with the serving. The period between 
the beginning of each succesive signal was four minutes. During the 
experiment we registered the secretion of saliva from an artificial fistula 
in the parotid gland, the frequency of respiration through a ribbed rubber 
tube around the thorax, and the pulse and blood pressure changes indi- 
rectly from a carotid loop through a special condensor head connected 
with a capacitance manometer (FroNKovA, Stier 1955a, b). In addi- 
tion, the blood pressure was taken by auscultation on the carotid loop 
at the onset of each experiment. The cuff was 2.5 cm broad. 

Method of Evaluation. The pulse rate was taken in segments with 
completed respiratory cycles and expressed in number of beats per 
minuts. The reflex acceleration of the pulse was the difference between 
the pulse one minute before the signal, i.e. the pulse at rest, and the pulse 
during the signal, or at the beginning of food intake. The reflex accelera- | 
tion of respiration was the difference between the respiration one minute 
before signal, i.e. respiration at rest, and the respiration during the signal, 
or at the beginning of food intake. Salivation in the first ten seconds 
during food intake, or during the signal, was observed in number of drops. 
The values for conditioned reflexes were taken only from the reflexes 
preceding the second and third servings in each experiment, when the 
tone rang in isolation for ten seconds. 

_____ For the individual experimental periods, the auscultatory values of 
blood pressure, respiration and pulse at rest, acceleration of respiration 
and pulse and, finally, drops of saliva, are given in averages. The sta- 
tistical significance of the difference between values before medication 
and values in all other periods of medication was ascertained by the 
T-test. From the continuous registration of blood pressure the number 
of cases where the blood pressure rose in reflexes was ascertained. The 
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number of cases of blood pressure rises is expressed in the percentage of 
the aggregate number of observations. The statistical significance of 
difference of incidence blood pressure rise in the individual periods was 
tested by 7’. 

Medication (Table). With every dog we made one experiment daily. 
During the first fortnight the dogs received no drugs. In the following 
weeks the dogs received the drugs, the effect of which was to be investi- 
gated, 1 hour before every experiment by oral administration. The total 
numbers of experiments with those four dogs in every period are: 

47 experiments—no drug 
1. 49 experiments—0.02 mg/kg reserpine 
medication | 2. 40 experiments—0.02 mg/kg reserpine + 0.2 mg/kg methylphenidate 
periods } 3.31 experiments—0.02 mg/kg reserpine + 0.5 mg/kg methylphenidate 
4, 24 experiments—0.02 mg/kg reserpine +- 1.0 mg/kg methylphenidate 
37 experiments—no drug. 

0.02 mg/kg reserpine given daily through all the periods of medica- 
tion corresponds to 1.4 mg reserpine for a man weighing 70 kg. 0.2 mg/kg 
methylphenidate given daily in the second period of medication corres- 


Table 
No. of experiments: 
After Total 
Dog medication | sersine | Reserpine + Methylphenidate medica- | Rumber_ 
tion ments 
L 10 ll 9 9 7 10 56 
F 14 14 ll 11 10 18 78 
B 10 10 10 4 7 9 50 
Z 13 14 10 7 _ -- 44 
Total 47 49 40 31 24 37 228 
in mg/kg | Reserpine 0.02 | 0.02 | 002 | 002 | — 
body weight | Methyl- 0.2 0.5 1.0 


by oral way | phenidate 


Related to | Reserpine 1.40 1.40 1.40 1.40 — — 
man weighing} Methyl- 14.0 35.0 70.0 
70 kg phenidate 


ponds to 14 mg for a man weighing 70 kg i.e. an average single dose. In 
the third period of medication the dogs received two and a half time 
more methylphenidate than in the preceding period. In the next period 
finally the dogs received the double of the preceding and five times the 
initial daily dose of methylphenidate. The 37 experiments in the first 
days after the termination of the combined medication were made in order 


to ascertain the vanishing of the effect of the drug combination. 
24° 
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Graphic documentation (Fig. 1—4). The mean values of every auto- 
nomic phenomenon from all experiments with all dogs in one experimental 
period is shown in one column. The first column in every line shows values 
from the period without medication. The next column in the lines shows 
the mean values from the periods of medication as indicated on the top of 
the graphs. The last column in every line shows the mean value of the 
experimental days after finishing the combined medication. Mean values 
marked by stars differ statistically significantly from the values of the 
period before medication. 

Results 

Behaviour and general state of animals. After the third week of 
receiving reserpine alone the dogs walked into the chamber slowly and 
no longer jumped into the stand 


Autonomic values at rest 
on their own. Their nictitating 


G2 GS — membrane relaxed, diarrhoea ap- 
peared, secretion from the nose 
increased strikingly, their coats 
20 " became ruffled and lost their 
43,5 shine. Two dogs, L. and Z., had 
8 markedly relaxed nictitating 
a 4 4, membranes, in the laboratory 
ams <a they trembled violently and their 
70 $83 68,¥ hair fell out in tufts, leaving 
regions of bare skin covered 
S0}- A 53,7 565 4 with scales. After the 3lst ex- 
S Yy Y periment with reserpine medica- 
a Y tion, when it was already receiv- 
«ng a larger dose of methylpheni- 
40, YY, Ug date as:well, one of thien (dag Z) 
mi was found dead in the morning 
of its kennel (Table). 
/50 1358 The state of the other dogs im- 

S /30|- proved only after medication with 

both substances had ended. 

3% Uy Autonomic phenomena at rest 
Sw! 869 “928 9 (Fig. 1). Respiration at rest is not 
significantly changed by medica- 
Statistically significant change against values before medication: tion, In the period after termi- 
=P<G00/ nation of the medication with 
; both substances respiration at 


rest is significantly more rapid than in the period before medication. 
The pulse at rest is markedly slowed down by combined medication. 
After termination of the medication the pulse at rest is significantly 


4, 
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quicker than before medication. The blood pressure at rest is significantly 
lowered by medication, to approximately the same degree in all periods. 
After termination of the combined medication the diastolic pressure 
returns to its original value. On the other hand, the systolic pressure 


is significantly higher Unconditioned reaction 

than before medication, eserpine mg/kg 

corresponding to the G2 O05 40 — 

during food intake 

(Fig. 2). The uncondi- lien 50,- ¥6,0 ann 

tioned acceleration of re- S penn 

spiration and pulse as S S30 

well as salivation signifi- 20 

cantly decrease in the YU 

period of combined me- 

dication. After termina- GTA B7 anes 

tion of medication this 4 

decrease was less prono- Wy 

unced but was still signi- 290 


ficant. The incidence of 
blood pressure rise is sig- 
nificantly smaller in all 
periods of medication. 
In the majority of cases 
the diastolic pressure 


Lnetdence of blood 
pressure rise in %o 


remains unchanged and rise Cleerease of No change 

food intake is accom- pressure amplitude 

panied by a decrease _SYosistically significant change against values before medication: 

in the pressure ampli- +=P<Q05 +**=P<G0/ ****=P20,00/ 
Fig. 2 


tude. After termination 
of combined medication the incidence of blood pressure rise during food 
intake does not differ from that before medication. 

Autonomie reactions during conditioned alimentary reflex (Fig. 3). 
The conditioned acceleration of respiration and pulse is significantly de- 
ereased_in_all periods of medication. After termination of medication 
these changes are less pronounced but remain significant. Conditioned 
salivation is significantly decreased in the period when reserpine is given 
on its own. In the next period, in which 0.2 mg/kg of methylphenidate 
is added to the reserpine, the conditioned salivation approaches its 
original values. In the following periods the conditioned salivation is 
again significantly decreased. After termination of medication the 
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ee conditioned salivation is significantly greater than prior to medication. 
Conditioned blood pressure rise as well as cases when only the pressure 
amplitude decreases, occur significantly less frequently during medica- 
tion. In the majority of cases the conditioned stimulus does not produce 

any change in the blood pres- 


pressure rise is significantly 
ss more frequent than before 
XB differential stimulus (Fig. 4). 
The acceleration of respiration 
and pulse during differential 
25 40 stimulus is not significantly 
74 influenced by the combination 
of the two substances. After 


termination of medication the 
acceleration of respiration is 
greater and the acceleration 
of pulse is significantly grea- 
ter than before medication. 
Salivation is significantly in- 
hibited by combined medica- 
tion and finally disappears. 
After termination of combined 
medication salivation reaches 


Zp rise Cerease of Nochange its original values. The inci- 
pressure amplitude dence of blood pressure rise 


neers Statistically significant change against values before medication: during differential stimulus 
*=P<Q05 +** =P<0,0/ ****=P<0,00/ is not particularly influenced 
Fig. by medication. 
Comparison of results of long-term combined medication with results of 
long-term medication with reserpine alone and methylphenidate alone. 
In earlier work with reserpine alone we gave the same or larger oral 
doses than in the present experiments, but for a much shorter period. 
Further the dogs received half doses for practically the same period as _ ae eS 
= in the present experiments. Symptoms of intoxication were not observed. 
The dogs, however, became more wary and moved less (EHRLICH et al. 
1958). When 0.02 mg/kg reserpine is given for a longer period in the 
present experiments, symptoms of intoxication appear in addition to 
the slowing down and lessening of movement. This state remains in the 
period of combined medication, in which one dog even dies (Table 1). 
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The behaviour and general state of the animals during combined medi- 
cation thus corresponds to the effect of reserpine alone, depending on the 
duration of the medication and on the daily amount of reserpine. 

Combined medication acts on the autonomic phenomena at rest (Fig. 1) 
in a similar way as reserpine alone. The only difference is that after 


At differential inhibition 

cation with reserpine 

alone the respiration mg/kg — +——0,02——e  — 
— — 42 45 40 


and blood pressure at 
rest did not differ 
significantly from the 
values prior to medi- 
cation and the pulse at 
rest was significantly as 
slower (EHRLICH et al. 


Acceleration 
of respiration 


Sa 
1958); after termina- 
tion of combined me- gs 
dication, however, the S 
respiration and pulse 8 
at rest is significantly BS 4 
is significantly higher $ 
than in the period 
prior to medication. & & A Yow V 
The autonomic phe- S23 Baw 
le mez se C2Nochange 
tioned alimentary reflex pressure amplitude 


(Fig. 2) are affected by 
Statistically sigaificant change values before medication: 
ed +++=PcQd/ +***= P<0,00! 


in a similar way as by Fig. 4 

medication with reser- 

pine alone. The autonomic phenomena of the conditioned alimentary 
reflex (Fig. 3) is also affected by combined medication in the same 
way as by reserpine alone, given for almost the same period. There are, 
however, two striking differences: firstly, in dosages 
of 0,2 mg/kg annuls the decrease i salivation. In furthe 
periods, when on the one head. the effect of continaous reserpination 
accumulates and on the other hand methylphenidate is given in two 
and a half times and then five times greater daily doses, the conditioned 
salivation again decreases. Secondly, after completing long-term medica- 
tion with reserpine alone, the conditioned acceleration of the pulse was 
smaller than during medication, the diminution of conditioned salivation 
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and the suppression of the conditioned blood pressure rise were the same 
as during medication. After termination of the combined medication, 
on the contrary, the decrease in acceleration of pulse and respiration is 
less pronounced than during medication; the conditioned salivation is 
no longer decreased and the conditioned blood pressure rise is much more 
frequent than before medication. 

The autonomic reactions during differential stimulus (Fig. 4) are affected 
in a similar way by combined medication as by medication with reserpine 
alone. There is a difference, however, in that the acceleration of pulse, 
salivation and blood pressure rise during differential stimulus were sup- 
pressed after the termination of medication with reserpine alone. After 
the termination of combined medication, on the contrary, the salivation 
during differential stimulus is the same as prior to medication, the 
acceleration or respiration is insignificantly greater, the blood pressure 
rise is insignificantly more frequent and the acceleration of the pulse is 
significantly greater than before medication. 

Result of comparison. A comparison of the effect of combined medica- 
tion and that of both substances separately shows that the behaviour of 
animals, and the autonomic phenomena at rest, during the unconditioned 
reflex and during differential stimulus are influenced in the same way 
by combined treatment as by medication with reserpine alone. The effect 
of reserpine on conditioned autonomic phenomena can be somewhat 
limited at the beginning of combination with methylphenidate. With 
longer medication, however, the effect of reserpine prevails on the con- 
ditioned reactions as well. 

After termination of combined medication the effect of reserpine on 
the autonomic phenomena at rest, during conditioned reflexes and during 
differential inhibition does not persist to the same degree as it did after 
finishing the medication of the reserpine alone. After combined medica- 
tion has been terminated the autonomic reactions during conditioned 
reflexes are less inhibited than after medication with reserpine alone and 
the autonomic phenomena at rest and during differential stimuli are 
not inhibited at all, or even exceed the values prior to medication. 

The effect of oral methylphenidate alone, found earlier in the same 
experimental set up (EHRLICH et al. 1960) — significant improvement of 
differentiation with simultaneous increase of conditioned reactions — 

 . ~ does not appear in any period of combinated medication nor after its 
termination. 


Discussion 
The manifestation of intoxication with reserpine. The symptoms of 
intoxication, which were observed with doses of 0.02 mg of reserpine 
daily, correspond to the symptoms universally described (Bern 1953, 
Bern et al. 1953, CronnEmm and TorKEs 1955, PLUMMER et al. 1954). It 
was shown, that dogs survive a dose of 0.035 mg/kg of reserpine longer 
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than 6 months (PLUMMER et al. 1954). In our experiments, however, 
after the 31st dose of 0.02 mg/kg reserpine, one dog was found dead the 
next morning in front of its kennel. During this night, late in November, 
the temperature fell to 2°C. A post-mortem examination showed no 
macroscopic changes. We suppose that due to decreased mobility (Bern 
1953, Bern et al. 1953, PLUMMER et al. 1954, CRoNHEIM and ToEKEs 1955) 
the dog did not crawl into its kennel at night as it was used to do but 
fell asleep outside. As its thermoregulation was disturbed (BErn 1953, 
Bern etal. 1953, Tapper and Ramorno 1953, ScHNEIDER and 
1954, PLUMMER etal. 1954, Everetr etal. 1955) it died. Thus the 
symptoms of intoxication appeared — and one animal died — at a time 
when the dogs were already receiving methylphenidate. Methylpheni- 
date neither prevents nor removes intoxication with reserpine during 
long-term medication with reserpine. In earlier experiments with reser- 
pine alone intoxication was not produced, therefore the time of dis- 
appearance of intoxication symptoms after termination of combined 
medication can not be compared and it is not possible to ascertain 
whether methylphenidate accelerates this process, even though the 
symptoms of intoxication disappeared with striking rapidity after ter- 
mination of combined medication. 

The effect of reserpine. Single injections of reserpine decrease the 
conditioned reactions (WEISKRANTz and WiLson 1955, 1956, GLIEDMAN 
and Gantr 1956, Smrru et al. 1956, 1957, Cook and WerpLEY 1957). 
With an experimental arrangement which permitted the influence on 
conditioned reflexes to be distinguished from that on unconditioned 
reflexes, we showed that long-term administration of small doses of 
reserpine has a specifically different impairing influence on the condi- 
tioned reactions to that on the unconditioned reactions. Reactions du- 
ring differential inhibition did not decrease significantly except for 
salivation (EHRLICH et al. 1958). 

Reserpine diminishes the contents of catecholamines in all tissues 
where these substances are usually found (BEsRABLAYA et al. 1958, BuRN 
and Ranp 1958, CaRLsson et al. 1958, KRayER and FUENTES 1958, 
1958, et al. 1958, MuscHoLt and Voer 1957, 1958, 
PAASONEN and KrayYER 1958, Wavp et al. 1958, KRoNEBERG and Scut- 
1959), also in the mesodiencephalic region (VocT 1954, Hotz- 
BAUER and Voer 1956, TsrEN et al. 1956). Small repeated doses of reser- 
pine are equally as effective as large single doses (MUSCHOLL and VoeT 
1958, Wavp et al. 1958). The simultaneous removal of serotonin from 
the same regions (PLUMMER et al. 1954, SHorE et al. 1955, BropteE et al. 
1955, PAASONEN and Voer 1956, PLETSCHER et al. 1956) suppresses the 
adrenergic mechanisms (GORDON et al. 1956). Long-term administration 
of reserpine thus decreases the adaptibility of the organism to external 
influences by diminishing the contents of catecholamines and serotonin 
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of the mesodiencephalic part of the reticular formation. It can be infer- 
red from our results that the adrenergic mesodiencephalic mechanism, 
which participates in the arousal of the cerebral cortex (PoRTER 1952, 
1957, DELL et al. 1954, Stea et al. 1955, ANocntn 1956, RoTHBALLER 
1956, 1957, Det 1957, JaspER 1957, OLDs 1959) also plays an important 
part in acquired reflexes and their differentiation. This conclusion is in 
agreement with the recently ascertained fact that the reticular formation 
is connected with the mechanism of acquired reflexes and differentiations 
(GrasTYAN et al. 1956, SHarpLess and Jasper 1956, Gastaut 1957, 
IeraM 1957, JaspER 1957, Dory 1959, GaLamBos 1959). 

The effect of methylphenidate. Methylphenidate, although not an 
amine, has a very similar effect on CNS as amphetamine (Meter et al. 
1954, CoLE and GLEEs 1956, Davis 1957), a sympathomimetic amine, not 
derived from catecholamines. It was shown that 0.19 mg of methyl- 
phenidate administered over a long period, improved differential inhibi- 
tion of all reactions while simultancously increasing the conditioned 
reflexes (EHRLICH et al. 1960). Methylphenidate added to reserpine in 
these experiments changes only the conditioned salivation of all the 
conditioned reactions and then only in the first period (Fig. 3). Other- 
wise, however, not even multiple doses of methylphenidate fundament- 
ally change the effect of reserpine either on the behaviour and state of 
the animals or on the autonomic phenomena at rest (Fig. 1), on uncondi- 
tioned (Fig. 2) and conditioned reactions (Fig. 3) and on reactions during 
differentiation (Fig. 4). This shows that long-term administration of 
methylphenidate cannot affect the CNS and other tissues of which the 
catecholamine content has been substantially lowered for a long time, 
in a similar way as sympathomimetic amines, not derived from catechol- 
amines, do not in acute experiment affect the peripheral blood circula- 
tion, the nictitating membrane and the spleen with substantially lowered 
catecholamine content (BuRN and Ranp 1958). It can thus be inferred 
that the effect of methylphenidate on CNS is sympathomimetic and 
mediated by catecholamines. 

Single injections of methylphenidate cancelled the effect of previous 
injections of reserpine on the behaviour of monkeys (CoLE and GLEES 
1956, Davis 1957), presumably because some hours after first injections 
of reserpine the tissue contains still enough catecholamines to be acti- 
vated by methylphenidate. When, however, methyiphenidate is added 
to the long-term administration of reserpine, the successively release of 
catecholamines seems to be so effective that there is not enough of the 
catecholamines left for the methylphenidate to act. 

Although reserpine is rapidly destroyed and excreted from the or- 
ganism (NUMEROF et al. 1955), its effect after long-term administration 
disappears only very gradually, particularly its effect on the pulse at 
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rest and on the acquired reflexes (EHRLICH et al. 1958). Some effects 
obviously last until the catecholamines and serotonin in the tissues 
attain their usual concentration. If, after simultaneously terminating 
the administration of both substances, the effect of the reserpine dis- 
appears rapidly (Figs. 3, 4) and the autonomic phenomena even overshoot 
(Figs. 1, 3, 4), it must be inferred that the slowly increasing amount of 
catecholamines already enables the methylphenidate to have a certain 
sympathomimetic effect even though improved differentiation is not yet 
seen. 

From our results it can thus be inferred that the antagonism of the 
effect (CoLE and GLEEs 1956) of both substances consists in the reserpine 
diminishing the content of catecholamines of the tissues, while the methy]- 
phenidate acts through the catecholamines. Our results confirm the 
clinical experience that methylphenidate strongly antagonizes the effect 
of reserpine if administration of the latter has ended. During long-term 
simultaneous administration of both substances the combination of re- 
serpine and methylphenidate cannot be expected to have a different 
effect to that of reserpine alone, at least with non-psychiatric diseases. 


Summary 

The influence of long-term oral medication of 0.02 mg/kg reserpine 
daily in combination with 0.2, 0.5 and 1.0 mg/kg of methylphenidate on 
autonomic phenomena at rest,on the unconditioned and conditioned 
alimentary reflex and its differentiation were investigated in 4 dogs in 
228 experiments. 

Intoxication symptoms appeared in the third week of daily administer- 
ing 0.02 mg of reserpine. Combination with methylphenidate did not 
prevent or remove intoxication. After a month of reserpination one dog 
died. 

Long-term combination of oral medication changes the autonomic 
phenomena at rest and during the reflexes in the same way as medication 
with reserpine alone. Methylphenidate merely balances the effect of 
reserpine on the conditioned salivation and this only in the first period 
of combined medication. After combined medication has ended, the 
influence of the reserpine does not last, as it does after medication with 
reserpine alone, but the autonomic phenomena at rest, during acquired 
reactions and their differentiations return to normal and sometimes even 
overshoot. The characteristic effect of medication of methylphenidate 
alone — improved differentiation with simultaneous increase of condi- 
tioned reflexes — does not occur either during combined medication 
nor after its termination. 

The results of our investigations indicate that: 


j 


368 


1. Long-term administration of reserpine decreases the adaptibility 
of the organism to its surroundings, apparently because the adrenergic 
mechanism of the mesodiencephalic part of the reticular formation, which 
plays an important role in the electrophysiological mechanism of arousal, 
also participates substantially in the acquired reflexes and their dif- 


ferentiations. 
2. Methylphenidate on its own causes better adaptation of the orga- 


nism to its surroundings apparently by acting through the catecholamines 
on the adrenergic mechanism of the mesodiencephalic region. In the 
case of long-term combination with reserpine methylphenidate cannot 
be effective because the content of catecholamines of the tissue of the 
reticular formation is substantially diminished. 

3. The slowly increasing concentration of catecholamines after simul- 
taneous ending the medication of both substances apparently enables 
the remnants of methylphenidate to have a sympathomimetic effect. 


The authors are indebtet to Mrs. D. PkrkryLovA and Mrs. P. PrazAKova for 
their invaluable technical assistence and Ing. M. Barroniéex for directing statistical 
evaluation. 
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Introduction 

There is an impressive consensus that psychotropic drugs like chlor- 
promazine and its congeners have an important site of action on the 
brain stem reticular formation. This concept is derived mainly from the 
following electroencephalographic and behavioral studies. 

Electroencephalographie studies. First, chlorpromazine causes in the 
EEG a pattern of slow activity (synchronization). Although this evidence 
is not conclusive, the increased synchronization has by most authors been 
attributed to a depressant influence of chlorpromazine on the reticular 
formation. Such slowing of the EEG, persisting for several hours, has 
been recorded in a great number of studies in animals and man following 
injection of 1 to 20 mg/kg, the threshold dose varying with the route 
of administration and the species of animals (for references, see LEHMANN 
1956; Bover et al. 1957; Unna and Martin 1957; and 
1958). However, the doses required to modify the spontaneous cerebral 
electrical activity are generally higher than the usual therapeutic doses 
and those affecting the behavior of animals. In unrestrained conscious 
cats consistent changes in the EEG were observed with doses of 3 to 
4 mg/kg intravenous injection and 15 to 20 mg/kg intraperitoneally 
(BrapLey and Hance 1957). 

Second, chlorpromazine reduces the EEG arousal (desynchronization) 
produced by direct reticular and peripheral sensory stimulation (HIEBEL 
et al. 1954; Loneo et al. 1954; Rrvatpi and Himwicu 1955; BRADLEY 
and co-workers 1957, 1958, 1959; Unna and Martin 1957; Bovert et 
al. 1957; Monnrer 1957; Kriiam and Kriiam 1957). As pointed out 
by BrapLry and co-workers the effect of chlorpromazine on the EEG 
arousal elicited by direct reticular stimulation is relatively small when 
compared with the effect produced by peripheral sensory stimulation. 
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Thus, the EEG arousal to peripheral stimulation was completely blocked 
by chlorpromazine with doses between 2 and 4 mg/kg intravenously. 
On the other hand, the threshold for EEG arousal on direct reticular 
stimulation was only slightly elevated by chlorpromazine even when 
large doses (up to 9 mg/kg) were used, an observation which is in agree- 
ment with the report by Ki~Ltam and Kriiam (1957, 1958). (Some 
contradictary reports will be discussed later.) Comparable values (2 to 
5 mg/kg) for the blocking of the peripherally induced EEG arousal have 
been given by Unna and Martin (1957) and Bovet et al. (1957). Based 
on a study of single unit activity in the reticular formation, BRaDLEY 
(1957) suggested that chlorpromazine exerts a more specific depressant 
action on the sensory collateral inflow to reticular neurons rather than 
acting on the reticular neurons themselves. This idea was further 
elaborated in subsequent combined EEG and behavior studies (BRADLEY 
and Key 1958; BrapLey 1959). This view is also corroborated by the 
observations that chlorpromazine prolongs the recovery cycle of reticular 
neurons to peripheral stimulation but only slightly elevates the threshold 
for EEG arousal from direct reticular stimulation (K1LLAmM 1957; KrLLam 
and Kiriiam 1957, 1958; Unna and Martin 1957). On the other hand, 
comparatively small doses of barbiturates abolish the EEG arousal to 
reticular stimulation (Kine 1956; and KiLtam 1956, 1958; 
BraD.ey and Kry 1958) and block conduction of impulses within the 
reticular formation (FRENCH et al. 1953), chlorpromazine does not (KILLAM 
and 1957, 1958; BrapLEy and Hance, cit. BRADLEY 1957, 1959). 

Behavioral studies. Chlorpromazine in doses of 1 to 5 mg/kg reduces 
the spontaneous locomotor activity of mice (COURVOISIER 1956a, b), 
rats (Boyp and 1954; ALeMaA and Sereio 1957; Garrr 1957), 
cats (BRADLEY and Hance 1957), and monkeys (Das et al. 1954; BaruK 
et al. 1957). To obtain a similar effect with phenobarbital in mice sub- 
anesthetic doses must be employed (CouRVOISIER 1956a). Chlorprom- 
azine-treated animals furthermore become more indifferent to the en- 
vironment and to various external sensory stimuli (auditory, tactile and 
visual) which normally would arouse the animal, whereas considerably 
higher doses are necessary to elevate the threshold for behavioral arousal 
from stimulation of the reticular formation (K1LLAM 1957; BRADLEY and 
Key 1958). These effects on behavior parallel those on EEG arousal to 
peripheral and reticular stimulation. BrapLey (1957) observed that cats. 
that failed to respond to tactile stimuli were still responsive to painful 
stimuli. Finally, chlorpromazine-treated animals become more indifferent 
in their search for food or water (ARCHER 1954; GuuHa et al. 1954; Nagss 
and RASMUSSEN 1958). 

However, no studies have dealt with the effects of chlorpromazine or 
other psychotropic drugs on the ‘arousal’ or “attention” response 
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which can be elicited by electrical stimulation of the cerebral cortex and 
amygdaloid nuclear complex. Stimulation of certain cortical areas has 
been shown to produce in the EEG a pattern of desynchronization, an 
effect which has been assumed to be mediated through projections to the 
brain stem reticular formation or the intralaminar and midline thalamic 
nuclei (for review and references, see KAADA and JOHANNESSEN 1960). 
According to these authors, the responsive cortical areas in the cat 
include (i) the cortex of the medial frontal surface, the cingulate and 
hippocampal gyri, (ii) the intermediate lateral frontal cortex, (iii) a 
large temporo-occipital field, (iv) the orbito-insulo-temporal polar region, 
and (v) a weaker parietal field. In the unanesthetized animals stimulation 
of the same cortical areas elicits a characteristic behavioral attention 
response which consists of arrest of ongoing spontaneous activities, in- 
creased alertness, followed by searching movements, usually toward the 
contralateral side (for review and references, see FANGEL and Kaaba 
1960). 

As emphasized by the latter authors this attention or searching 
response is probably identical with the orienting or investigatory reflex 
elicited by PavLov in 1910 (see PavLov 1928, vol. 1, p. 134). According 
to GLIEDMAN and Gantt (1956), this externally induced orienting reflex 
is eliminated in dogs by 2.5 mg/kg of chlorpromazine. Similar behavioral 
and EEG responses may be induced from part of the amygdaloid nuclear 
complex (cf. Ursrn and Kaapa 1960a) and from the intraiaminar, dorso- 
medial and anterior thalamic nuclei (AkERT 1952). With higher stimulus 
intensities this attention response, when induced from certain points in 
the cingulate and temporal cortex and in the amygdala, may develop 
into a fear-like reaction, terminating in flight. Similarly, the externally 
evoked orienting reflex may be associated with marked fear when the 
stimulus is sufficiently strong (RoBrNnson and Gantt 1947, p. 233). 

It was suggested by one of us (Kaaba 1959) that a possible thera- 
peutic site of action of chlorpromazine might be, not only on the input- 
side of the reticular formation receiving impulses from the peripheral 
sensory organs, but also on these telencephalic “attention areas”’ or on 
the neurons of the midbrain reticular formation or intralaminar and mid- 
line thalamic nuclei which receive afferents from the cerebral cortex and 
amygdala. Descending impulses from some of these cortical fields are 
known to some extent to converge on the same brain stem reticular 
neurons as receive sensory information (BAUMGARTEN et al. 1954; 
ScHEIBEL et al. 1955; HeRNANDEZ-PEON and Hacpartu 1955; FRENcH 
et al. 1955). 

In the present study the effect of chlorpromazine on the behavioral 
attention response induced in cats from the cerebral cortex, amygdala 
and intralaminar thalamic nuclei has been studied and the results have 
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been compared with the effect on the arousal responses elicited from 
mesencephalic reticular and posterior hypothalamic areas. Electrodes 
were implanted into all the regions mentioned, and the stimulus threshold 
determined before and after the injection of varying doses of chlor- 
promazine. 

Material and Methods 

Twenty adult cats were used. In each animal usually 4 bipolar needle 
electrodes, insulated except for the tips and with an interpolar distance 
of less than 0.5mm, were implanted through small burr holes under 
pentobarbital (Nembutal) anesthesia in the following structures: the 
mesencephalic reticular formation, the amygdala, the midline or intra- 
laminar thalamic nuclei (or the posterior hypothalamus), and the cerebral 
cortex (the anterior cingulate or temporal areas). The temporal elec- 
trodes were situated in the lower portion of the posterior ecto- and supra- 
sylvian gyri. The animals were allowed three or four days to recuperate, 
and the freely moving cats were then stimulated through the implanted 
electrodes using square wave pulses of 8 msec’ duration and a frequency 
of 40 c.p.s. for about 5 seconds. The stimulus intensity was gradually 
increased and the threshold of the behavioral attention or flight responses 
was determined from each site of stimulation. This procedure was 
repeated once 15 or 30 minutes later. Chlorpromazine (Largactil), pre- 
pared freshly for each experiment, was then administered intraperi- 
toneally, usually beginning with a dose of 1 or 2 mg/kg, or less. The 
thresholds were then checked every half or one hour (occasionally every 
1/, hour) over a 4-hours period. During this period sometimes a second 
and a third dose of the drug was injected at intervals and amounts 
indicated in Figs. 2 and 3. The animals were then allowed to recover and 
in most cases a final determination of the threshold was carried out the 
next day, 18 to 24 hours later. 

Care was taken not to stimulate each point more than a very few 
times above threshold values in order to avoid habituation of the arousal 
reaction which is known to follow natural sensory stimulation (SHaRpP- 
LEss and JasPER 1956; and BrapLEy 1958). Control experiments 
without chlorpromazine showed that the threshold remained fairly 
constant over a 4- to 6-hours period when the same procedure was 
employed as in the animals which received the drug. 

At the termination of the experiments all electrode placements were 
identified histologically. 

Results 

1. The attention response. The criteria used for deciding when 
behavioral attention had occurred on stimulation were arrest of spontan- 
eous activities, such as walking or licking, with signs of arousal or alert- 
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the nictitating membrane, pupillary dilatation, raising of the head). On 
stronger cortical, amygdaloid, and intralaminar thalamic stimulation, 
these signs of arousal or awakening of the animal were followed by 
movements of an orienting character consisting of quick and anxious 
glancing or searching movements, usually towards the contralateral side. 
Similarly, on mesencephalic reticular and hypothalamic stimulation the 
threshold criteria used were arrest of spontaneous occupation and the 
signs of arousal just mentioned. However, from these locations the sub- 
sequent searching movements, whether associated with fear (flight) and 
anger or not, were usually directed towards both sides without the contra- 
lateral orienting movements which in most cases were characteritic of the 
cortical, amygdaloid, and thalamic “attention areas”’. 

It was found that the arousal responses elicited by hypothalamic and | 
midbrain reticular stimulation and which, on stronger stimulation, 
developed into flight or anger, were less influenced by chlorpromazine 
than was the arousal associated with contralateral orienting movements 


(the attention response). The former cases will be described separately 
below under the heading “‘the fear response”’. 

The cerebral cortex. Chlorpromazine in doses of 0.5 to 1 mg/kg, given 
intraperitoneally, constantly produced an increase in threshold or a 
complete blocking of the behavioral attention response induced from the 
temporal and anterior cingulate cortex. Representative examples are 
given in the graphs in Fig. la and b, Fig. 2a—e and Fig. 3a and b. 
A dose of 0.3 mg/kg of the drug caused no significant change in the 
threshold, whereas with a dose of 0.5 mg/kg there was a definite increase 
but no complete blocking of the effect (Fig. la). At a dose of 1 to 2 mg/kg 
the response was frequently not elicitable even with the highest stimulus | 
intensities employed (30 volts). This depressant effect of chlorpromazine 
was apparent at the first stimulation 15 minutes after the administration 
of the drug and was ordinarily maximal within 30 minutes. In some 
animals the threshold again decreased 4 to 6 hours after the injection 
(Fig. lb; Fig. 2a; and Fig. 3b). However, usually the influence was of 
longer duration. Threshold determinations on the following day (18 to 
24 hours after the injection) showed return to approximately the original 
values (Fig. la; Fig. 2b and ce; Fig. 3b). 

Under the influence of the drug (1 to 2 mg/kg) the cats became less { 

aetive and more indifferent towards external simuli. At I mg/kg, or = 
more, the behavioral attention response to a low-pitched tone of 2 seconds’ 
duration from a loudspeaker placed at a fixed distance from the head was 
abolished concomitantly with the cortically induced attention response 
(Fig. 1b). 

The reticular formation. When comparing the influence of chlor- 
promazine on the attention response induced from the cerebral cortex 
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with the arousal elicited by stimulation of the mesencephalic reticular 
formation there was a striking difference. During the blocking of the 
former the threshold for the reticular response remained essentially un- 
altered with doses up to 10 mg/kg (Fig. la and b; Fig. 2a and b) or 
showed only a small rise (Fig. 2d). The bared tip of the electrodes were 
in all animals yielding behavioral arousal situated within the reticular 
formation just ventrolateral to the periaquaeductal gray, 2 to 3 mm from 


the midline, at the level of the superior colliculi. 
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Fig. la and b. Effect of 0.5 and 1 mg/kg of chlorpromazine, given intraperitoneally, on the stimulus 

threshold for the behavioral attention response induced from (a) the temporal (7’emp) and (b) the 

anterior cingulate (Cing) cortex, as well as for the arousal evoked from the reticular substance of 

the midbrain (Ref). (+): behavioral attention to acoustic stimuli, (—): no such effect. Note rise 

of the threshold of the cortically induced response and no effect on the response elicited from the 
reticular substance 


Amygdala and thalamus. In general, the attention responses induced 
from the basolateral division of the amygdala and the intralaminar 
thalamic nuclei appeared, with regard to susceptibility to chlorpromazine, 
to take an intermediate position between those reactions elicited from the 


cerebral cortex and those evoked from the midbrain reticular formation 


(Fig. 2a and b). Thus, there was at most thalamic (Fig. 2a) and 
amygdaloid sites (Fig. 2b) a moderate but significant rise in threshold 
at doses of 2 mg/kg of chlorpromazine. However, the threshold from 
other points within these structures was less influenced by this dose 
(Fig. 2a, amyg.), whereas from other sites there was a considerable 
increase in threshold (Fig. 2d). 
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2. The fear response. Three of the electrodes in the mesencephalic 
reticular substance and three electrodes in the dorsal part of the posterior 
90 


No.7 f \ | No.is 


Temp 


10 
6 
‘ Ret 
30 
= 
«Temp, 
7 
22h 
1 
20 “An ger “What. 
18} Ar J 
lé 
| Jorowsy 
er 
6} CHZ Ismg/g 
tang emg/kg CHZ 
0 / 2 3 % Hours 5 0 / é 3 ¢Hours 5 


Fig. 2a—d. Effects of 1—2 mg/kg of chlorpromazine, or more, on the stimulus threshold for the 

behavioral attention response induced by terporal cortical (7J’emp), intralaminar thalamic (Thal) 

and amygdaloid (Am yg) stimulation, and for the arousal to mesencephalic reticular (Ret) excitation. 

a—d from four different experiments. Effects on stimulus threshold of cortically induced movements 
(Mot. in a and d) and of anger response produced by thalamic stimulation (c) 


hypothalamus were situated at points from which a typical fear (flight) 
response was evoked, preceded by behavioral arousal (Fig. 3). The 
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threshold for the arousal as well as for the flight elicited from all these 
electrode sites remained on the whole unchanged with doses up to 7 or 
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Fig. 3a—d. Effects of chlorpromazine, in doses indicated, on the stimulus threshold for the behavioral 

attention response elicited by stimulation of the anterior cingulate (Cing) and temporal cortex (Temp) 

and amygdala (Amyg), and for the arousal and fear (Flight) produced from the posterior hypo- 

thalamus (Hypothal) and mesencephalic reticular substance (Ret). Effects on stimulus threshold 
of cortically induced movements (Mot). a—d from four different experiments 


10 mg/kg of chlorpromazine. Under the influence of such relatively high 
doses the animals, when left undisturbed, usually became drowsy, ataxic, 
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or appeared asleep. In spite of such obvious signs of heavy intoxication 
threshold stimulation produced the arousal and flight responses as before 
the administration of the drug. Some of these animals were hardly able 
to walk during their attempt to leave the platform. In striking contrast, 
the cortically induced behavioral attention response was completely 
blocked (Fig. 3a and b). With 15 mg/kg there was a slight increase of 
the threshold for the flight response (Fig. 3c). 

Also, the thalamic and amygdaloid arousal responses, when associated 
with anger (growling and hissing) at a slightly higher stimulus intensity 
(Urstn and Kaapa 1960a) (Fig. 2c), were almost entirely uninfluenced 
by a dose of 7 mg/kg of chlorpromazine, a dose which in the same animals 
completely blocked the attention reaction produced by cortical stimu- 
lation. Similarly, the anger response itself persisted after the same dose 
of chlorpromazine. 

The threshold for phasic or tonic movements of the legs or face elicited 
from various cortical or subcortical points were not significantly altered 
by chlorpromazine in doses up to 10 mg/kg (mot. in Fig. 2a and d; 
Fig. 3b). 

Discussion 


The first conclusion which can be drawn from the present experiments 
is that chlorpromazine at a dose of 0.5 mg/kg intraperitoneally abolishes 
the behavioral attention (orienting) response induced from the cingulate 
and temporal cortex. This dose is lower than the amounts required to 
block the similar response evoked by direct reticular, thalamic, amyg- 
daloid and peripheral sensory stimulation and corresponds to a compara- 
tively small therapeutic dose in patients. Also, the long-lasting duration 
(more than 4 hours) of the effect of such a small, single dose corresponds 
well with the duration of the effect in patients. Amounts of 2 mg/kg, or 
more, were usually necessary to depress the amygdaloid and intralaminar 
thalamic attention responses (which were not associated with fear or 
anger); whereas depression of the behavioral arousal associated with 
searching induced by direct reticular stimulation required still higher 
doses, 10 mg/kg, or more. The latter observation is in agreement with 
previous reports (KILLAM 1957; BRapLEY and Key 1958). 

The second conclusion which may be drawn from the present experi- 
ments is that chlorpromazine has a selective blocking effect on certain 
behavioral arousal responses induced from subcortical points whereas the 
arousal induced from other sites are quite resistant to the drug. It seems 
clear that the behavioral alerting associated with fear (flight) or anger is 
less influenced as compared with the alerting combined with searching 
(orienting) movements only, without obvious signs of emotional ex- 
pressions. Even amounts of 10 to 15 mg/kg of chlorpromazine, which 
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caused overt signs of intoxication (drowsiness and ataxia), had no or only 
a slight effect on the arousal induced through these same electrodes. The 
arousal mechanism appears to be related to a variety of functional 
activities such as different patterns of emotions, sensory experience, and 
to higher mental activities (FANGEL and Kaaba 1960). The subcortical 
arousal areas apparently are not functionally and structurally homo- 
genous. 

Since the behavioral arousal preceding fear and anger as well as the 
arousal associated with orienting movements are accompanied by EEG 
desynchronization (for references, see URSIN and Kaaba 1960a; FANGEL 
and Kaaba 1960) a similar dissociation of chlorpromazine-sensitive and 
chlorpromazine-resistant EEG arousal responses to brain stimulation 
might be expected. This may explain the observation by UNNa and 
MartTIN (1957) that this drug failed to produce as profound depression 
of the EEG arousal induced from mesencephalic reticular sites (at the 
level of the red nucleus) as regularly was observed when the stimulus was 
applied more anteriorly (the exact localization not given). Further, the 
present findings may offer an explanation of some of the controversial 
reports on the effects of chlorpromazine on the EEG arousal produced by 
direct brain stem stimulation. Contrary to most authors LonGo et al. 
(1954), et al. (1954) and Rinatpi and Himwicu (1955) reported 
that chlorpromazine in doses of 2 to 3 mg/kg had a blocking effect on the 
EEG arousal evoked from the reticular formation. This divergence has 
been interpreted as being due to « species difference, the arousal in 
rabbits possibly being more sensitive to the drug than in cats (KILLAM 
and KiLLaM 1958). An alternate explanation is that functionally diffe- 
rent structures have been studied by the various investigators. Thus, 
according to Loneo et al. (1954), “the rostral portion of the reticular 
formation was stimulated at the level of the anterior hypothalamus”’. 
This, however, is an area which is not generally included in the term 
brain stem reticular formation. 

Further, it has been suggested that the depression of the EEG arousal 
to reticular stimulation by chlorpromazine possibly may be secondary to 
a fall in body temperature (KiLLAM and KrLLaM 1957). However, no such 
change in the rectal temperature was observed in the present study 
during the blocking of the cortically induced behavioral arousal with 
doses of 0.5 to 2 mg/kg intraperitoneally 

Consistent with the present observations, K1LLaM (1957) and K1LLAM 
and KiLLaM (1958) found that chlorpromazine elevated the threshold at 
which the “‘ behavioral awakening response” from “‘the diffuse thalamic 
projection system” could be elicited whereas the same dose had only 
slight effect on the behavioral arousal from stimulation of the reticular 
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Pertinent to the problem under discussion are also the reports by 
Ops et al. (1957, 1958, 1959) who observed that chlorpromazine at doses 
of 2 mg/kg injected intraperitoneally caused a depression of the rate of 
self-stimulation through electrodes implanted in the anterior septal, 
ventral posterior hypothalamic, amygdaloid, hippocampal and cingulate 
cortical regions. On the other hand, the drug had no or only little effect 
on the avoidance or escape reaction characteristic of self-stimulation of 
the greater part of the reticular formation and the dorsal posterior hypo- 
thalamus (OLDs 1959). From other studies it is known that stimulation of 
all of the areas mentioned may produce EEG desynchronization (hypo- 
thalamus: MurpPHy and GELLHORN 1945; brain stem reticular formation: 
Morvzzi and Macoun 1949; amygdala and cerebral cortex: Kaapa 1951, 
1960; Kaapa and JoHANNESSEN 1960). Therefore the findings of OLDs 
and co-workers, like ours, may be taken to indicate the chlorpromazine 
has a selective blocking effect on certain types of arousal responses, the 
one associated with escape reactions being relatively resistant. 


According to and (1956, 1957) chlorpromazine at 
doses of 2—8 mg/kg also blocks the 3—6 /sec. rhythmic activity which 
can be recorded from the hippocampus in response to peripheral and 
mesencephalic reticular stimulation (GREEN and ARDUINT 1954). Recently 
GrasTYAN et al. (1959), working with chronically implanted electrodes 
in cats, have shown that this slow rhythmic activity of the hippocampus 
is an invariable concomitant of the searching or orienting behavior 
following external sensory stimulation. In the light of the present 
findings this blocking of the hippocampal theta-activity by chlor- 
promazine thus possibly is an expression of the blocking of the attention 
or orienting response. Similarly, GLIEDMAN and Gantt (1956), working 
with dogs, recorded a complete elimination of the externally induced 
orienting reflex by 2.5 mg/kg of chlorpromazine. 

Thus, it appears that an important effect of chlorpromazine is the 
blocking of the attention or orienting response and its concomitant 
electrical changes in the hippocampus (slow waves) as well as in neocortex 
(desynchronization). This is the case whether the response is produced 
by peripheral, cerebral cortical, intralaminar thalamic, or amygdaloid 
stimulation, whereas the arousal evoked by direct brain stem reticular 
excitation is less influenced by the drug. 

According to the recent study by GrasryAn et al. (1959) the 
orienting (attention) response and the concomitant rhythmic slow wave 
activity of the hippocampus occur during the development of conditioned 
reflexes (defensive or alimentary). Since the attention response is 
blocked by low doses of chlorpromazine it might be expected that this 
compound might interfere also with conditioned reflexes. Indeed, there 
is ample evidence that this is the case. Thus, rats trained to climb or 
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jump to avoid an electric shock when a bell is sounded, fail to do so under 
the influence of chlorpromazine even though capable of responding to the 
shock (CouRvVoIsIER et al. 1953; Guua et al. 1954; Bower et al. 1955; 
CouURVOISIER 1956b). The rat becomes disinterested in the bell ringing 
which no longer incites flight from pain. Such effects were not produced 
by barbiturates or morphine (CouRVOISIER 1956 b). A similar indifference 
of chlorpromazine-treated animals to a stimulus conditioning a notion of 
pain has been reported by ADER and CLInK (1957), et al. (1957 a, 
b), RuTLEDGE and Dory (1957), and ANocHIN (1958). On the other hand, 
unconditioned avoidance reactions to noxious stimuli are not inhibited 
by chlorpromazine (Bower et al. 1955; Leumann 1956). Also, condi- 
tioned salivatory reflexes are inhibited by low doses of chlorpromazine, 
0,25—0,30 mg/kg i.v. (MaLM&sac and PLANE 1955). 

The site of action of chlorpromazine in the central nervous system 
still remains a matter of conjecture. The neuronal substrate of the 
attention or orienting reflex is not sufficiently known to allow any state- 
ment as to where the blocking of this reaction by chlorpromazine takes 
place. The response induced from the cerebral cortex and amygdala are 
probably mediated through the thalamic intralaminar nuclei and/or the 
brain stem reticular formation (JaNSEN, ANDERSEN and Kaapa 1955/56; 
Urstn and Kaapa 1960b). Whether the blocking occurs at the site of 
stimulation or at these subcortical areas cannot be resolved by the present 
experiments. However, it is known that the behavior attention reaction 
is also exhibited by decorticated animals (RoBINSON and Gantr 1947) 
and it appears likely that the blocking occurs at the subcortical areas 
mentioned. Pursuing the evidence brought forward by the microelectrode 
studies of BRaDLEY (1957) that chlorpromazine possibly exerts a selective 
depression on the receptive side of the reticular formatlon, it might per- 
haps prove profitable to apply a similar hypothesis to explain the 
blocking of the same response when induced from the cerebral cortex and 
amygdala. The effect might be due to blocking of the cortical and 
amygdaloid influence on the reticular formation or the thalamus. It 
should be recalled that morphological data indicate a distinction between 
a lateral part of the reticular formation adapted to serve “receptive” and 
“associative” functions, and a medial region which seems to be more 
concerned with its ‘‘effector” functions. The latter are exerted rostrally 
(‘ascending activating system ’”’) and caudally on the spinal cord (BRODAL 
1957). A selective blocking at the “‘receptive”’ reticular neurons might 
explain the relative resistance to chlorpromazine of the behavioral arousal 
produced by direct medial reticular stimulation. 

A subcortical site of action of chlorpromazine is also indicated by the 
studies of Dasaupta et al. (1954) who showed that this drug suppressed 
sham rage in decorticate and diencephalic cats more efficiently than 
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affective behavior in normal animals. Similar behavioral changes pro- 
duced by a pre-chiasmal lesion did not show such a hypersensitivity to 
chlorpromazine. Thus, a selective action of chlorpromazine also to 
apparently identical emotional reactions caused by lesions of different 
nervous structures is suggested. 

According to Loneo (1956), chlorpromazine (doses not given) elimi- 
nates the fear and flight responses evoked by hypothalamic stimulation 
in rabbits. The failure to produce such an effect in the experiments de- 
scribed, even by doses causing overt signs of intoxication, is perhaps 
due to a similar selective action of this drug on various types of flight 
responses. 

As to the clinical implications of the physiological data discussed, 
blocking of the attention response to sensory stimuli may explain the 
indifference to environmental and visceral stimuli and to pain in patients 
treated with chlorpromazine. However, it can hardly account for the 
relief of anxiety, agitation and tension, and for the reduced responsive- 
ness to intrapsychic stimulation, such as to hallucinations; neither to the 
intrapsychic agitation with hyperactivity in manic states. It seems more 
reasonable to attribute the beneficial influence on these symptoms to a 
suppression of the nervous mechanisms responsible for the centrally 
induced attention reactions, in particular those elicited from the cerebral 
cortex. 

The well-known lowering of the convulsive threshold in epileptics 
by chlorpromazine is similarly possibly related to the ability of this drug 
to block the attention response. It is a common clinical experience that 
sensory stimulation of various kinds in some patients may arrest seizure 
discharges. 


Summary 

1. The behavioral arousal associated with contralatera] searching 
movements (the attention or orienting response) induced by cerebral 
cortical stimulation in unanesthetized cats was blocked by low doses of 
chlorpromazine (0.5 mg/kg i.p.) Amounts of 2 mg/kg, or more, were 
usually required to depress the similar response elicited from amygdaloid 
and intralaminar thalamic nuclei, whereas the threshold for the behavioral 
arousal evoked by midbrain reticular stimulation remained essentially 
unaltered with doses up to 10 mg/kg. 

2. Behavioral arousal associated with fear (flight) or anger produced 
by posterior hypothalamic, thalamic, or midbrain reticular stimulation 
was almost unaltered at doses of 10 to 15 mg/kg of chlorpromazine. 

3. It is concluded that chlorpromazine exerts a selective depressant 
action on certain behavioral arousal reactions. The arousal related to the 
attention (orienting) response evoked by cortical, intralaminar thalamic, 
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amygdaloid, and peripheral sensory stimulation is more susceptible to the 
drug than is the arousal associated with fear (flight) and anger elicited 


from the subcortical areas mentioned. 
4. The clinical implications of the findings are briefly discussed. 
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on the Behaviour of Rats in an Unfamiliar “Open Field” Situation 
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Previous papers of this series (JANSSEN et al., 1959a, b; 1960a) in- 
clude several basic comparative pharmacological data on Haloperidol 
and Chlorpromazine. 
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In mice both compounds were found to block righting and licking 
reflexes and to inhibit induced coordinated motility at comparable non- 
toxic dose levels of 0.5 to 5 mg/kg subcutaneously. Haloperidol however 
was shown to be much more active than chlorpromazine as a potentiator 
of pentobarbital in mice and as an antagonist of apomorphine emesis 
in dogs. 

The purpose of this paper is to describe the influence of haloperidol 
and of chlorpromazine on exploratory motor activity and on emotional 
defaecation of rats in an unfamiliar ‘‘open field” situation. 


Method 

Subjects. Each experiment involves a group of five naive male inbred 
Wistar rats weighing from 200 to 2£0 grams and fed and watered ad 
libitum prior to the experiment. 

Apparatus. The “open field” is an arena, made of black painted iron. 
Its diameter is 100 cm, its height 50 cm. Six grey diameters divide its 
bottom in six equal parts. A loud buzzer provides constant noise in the 
air conditioned laboratory (22+2°C; 65+15% relative humidity). The 
only source of light in the room is a 150 Watt bulb, attached some 50 cm 
above the bottom of the arena and illuminating its centre. The illumi- 
nated area has a diameter of about 30 cm. A black screen (180 x 50 cm; 
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65° horizontal inclination) separates the observer from the arena, the 
animal in the arena being observed through a 5 x 50 cm aperture. 

Design of the experiment, Five rats are given, at intervals of 4 minutes, 
a subcutaneous injection of haloperidol, chlorpromazine or saline (10 ml 
per kg) and put in individual plastic containers. 30 minutes thereafter 
the observer gently places each rat (same order; 4 min. intervals) in the 
arena and observes its behaviour for 3 minutes. He counts the frequency 
of diameter crossings (“‘ambulation score’’) and of rearings (‘rearing 
score”). The number of faecal boluses excreted over the observation 
period of 3 minutes yields the ‘‘defaecation score”’. 

A similar procedure was briefly described by Ry Aut (1958). 

Preening is another frequent behaviour phenomenon occurring in 
these experimental conditions. We were however unsuccessful in finding 
a suitable quantitative method of scoring it. 

The behaviour of treated rats was compared with that of 100 controls 
treated with saline and the significance of the results was assessed by the 
Kolmogorov-Smirnov test (STEGEL, 1956). All experiments (Table) were 
conducted over a period of 2 weeks. 


Table. Influence of haloperidol and of chlorpromazine on the behaviour of naive 
rats in an open field (20 rats per dose and 100 controls: 30 minutes after subcutaneous 
administration ) 


Average scores 
Drug — bula- def; - 
| searing | 
Haloperidol 0.01 21.9 6.1 1.7 
0.02 22.6 6.3 Ls 
0.04 11.8! 4.3 1.8 
0.08 8.7} 2.3} 1.6 
0.16 3.34 1.0! 2.1 
0.31 4.4! 0.6! 0.95 
0.63 2.0! 0.31 1.1 
1.25 0.45! 0.051 0.7 
2.5 0.15} 0.051 0.31 
Chlorpromazine | 0.63 23.7 4.2 0.73 
1.25 19.7 8.9 Ll 
2.5 14.5! 5.0 0.95 
5 11.13 3.3! 0.104 
10 4.0! 1.9! 0.051 
Controls. saline 26.7 5.8 1.4 


1 active doses (P<0.01): Kolmogorov-Smirnov test (SteGEL, 1956). 


Results 
None of the subjects ventured into the illuminated centre of the arena 
(Broapuurst, 1958). Both ambulation and rearing decline in frequency 
with increasing doses of either drug (Table), haloperidol being about 
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50 to 100 times more potent than chlorpromazine in this respect. The 
minimal active! doses for reducing ambulation of the geometric series 
used were resp. 0.04 and 2.5 mg/kg, as measured 30 minutes after dosage. 
Four hours after dosage comparable results were obtained, both com- 
pounds being long acting (JANSSEN et al., 1960a, unpublished results). 
Haloperidol however is only slightly more active than chlorpromazine 
in depressing defaecation in this open field situation (Table), the 
minimal active! doses being resp. 2.5 and 5 mg/kg. 


Diseussion 

Ambulation and rearing of rats in an unfamiliar environment may be 
regarded as expressions of exploratory behaviour or coordinated motor 
reactions to environmental stress (RYALL, 1958; BroapHuRsT, 1958). 

This interpretative terminology is supported by the fact that ambu- 
lation and rearing scores decrease in familiar environment (unpublished 
results). 

Chlorpromazine inhibits these motor reactions, but only at dose levels 
producing obvious ataxia and other signs of impaired coordination 
(RYALL, 1958). 

Haloperidol however and several other typical neuroleptic agents 
like perphenazine, thiopropazate and prochlorperazine (RYALL, 1958; 
unpublished results) are capable of nearly completely inhibiting ambu- 
lation and rearing without producing ataxia. A similar effect is observed 
in the human being, loss of slightly motivated coordinated motor 
activity, such as lack of mimic or monotony of facial expression, being 
regularly seen in psychotic patients under chronic haloperidol treatment 
at daily dose levels of 0.02 to 0.08 mg/kg (Drvry et al., 1958; Divry et 
al., 1959; Pagquay et al., 1959; Fiecet et al., 1959; Jacosps, 1959; 
Botsste&r et al., in the press). 

The average defaecation rate of a rat in an unfamiliar environment 
is from 10 to 30 times higher than the average daily rate (JANSSEN et al., 
1959a). Anxiety motivated emotional defaecation is the interpretative 
terminology used by Rya tt (1958) and Broapuurst (1958). The in- 
hibition of this phenomenon by chlorpromazine and by kaloperidol is not 
due to a peripheral constipating effect, although both drugs to produce 
constipation at higher dose levels (RyALL, 1958; unpublished results). 


Summary 
Haloperido] (R 1625) is 50 to 100 times more active than chlor- 
promazine as an inhibitor of exploratory motor behaviour in rats. 
Emotional defaecation in rats is inhibited by both drugs at similar dose 
levels. 
Thanks are due to Mr. Remi Freperick x for his technical assistance. 
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Effects of Chlorpromazine upon Psychological Development 
in the Puppy* 
By 
Joun L. Futter, Lincoin D. Ciark**, and Marcus B. WALLER 
With 2 Figures in the Text 
(Received November 30, 1959) 


Interest has been expressed in possible deleterious residual effects 
of psychopharmacological agents, particularly when they are admini- 
stered to children in phases of rapid psychological development. To 
our knowledge, no experimental studies designed to demonstrate the 
existence of such residual effects have been reported, and this experi- 
ment was conducted to fill the gap. Chlorpromazine was selected for 
particular attention because it is one of the most widely used tranquilliz- 
ing drugs and its pharmacological and behavioral effects have been 
extensively described. 

One might hypothesize that a naive organism whose early experience 
was obtained during chlorpromazine tranquillization would show effects 
similar to those produced by early sensory and social deprivation 
(FisHer 1955, Meuzack 1954, THompson and Heron 1954a, b). This 
hypothesis carries the implicit assumption that “tranquillization” lowers 
the value of experience—that stimuli are less ‘‘meaningful’’ to a drugged 
animal, and that the organization of adaptive behavior patterns is more 
or less permanently impaired. 

Because of the difficulties inherent in maintaining experimental 
subjects under continuous tranquillization over a prolonged period, we 
adopted a procedure of semi-isolation to restrict and control experience 
while providing stimulation adequate for essentially normal behavioral 
development. Puppies were reared mainly in isolation as soon as they 
were old enough to survive without regular maternal care. They were 
removed for short periods at regular intervals and subjected to highly 
standardized treatment and observation. The nature and duration of 
the training had been found in pilot studies to permit development of 
well-integrated adjustive behavior patterns to people, other puppies, 
and play objects. Experimental subjects received chlorpromazine before 
each training period, and an equal number of controls received no drug. 


* Supported in part by the Ford Foundation and by Grant MY-1775 from the 


U. 8. Public Health Service. 
** Associate Professor of Psychiatry, University of Utah School of Medicine. 
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If tranquillization does interfere with psychological development, we 
expected to find progressive behavioral deficits in the treated subjects. 

Previous pilot studies to be reported elsewhere had established the 
fact that puppies isolated in this fashion, and not brought out at inter- 
vals, did differ markedly in behavior from semi-isolated controls. 
Although no specific quantitative prediction was made, we anticipated 
that the behavior of drugged semi-isolates would be intermediate between 
semi-isolates and complete isolates. However, the only hypothesis tested 
in this experiment was the prediction that drugged semi-isolates would 
differ from non-drugged semi-isolates. 

As a further refinement, drugged and non-drugged subjects were sepa- 
rated into punished and non-punished groups to see if chlorpromazine 
had differential effects in a generally rewarding situation and in one 
designed to be aversive and anxiety-producing. The conjecture, in this 
instance, was that any effects of chlorpromazine would be greater in 
the punished groups. 

Finally, in order to maximize the probability of obtaining significant 
effects from the drug treatment, we interposed a period of complete 
isolation between removal from the mother and the training-observation 
sessions. Delayed socialization has been reported to be less efficient 
than earlier training (Scorr 1958). By starting the training of all 
puppies under the handicap of preliminary isolation, we hoped to produce 
greater vulnerability to the drug effects. Previous pilot studies had 
shown that control puppies reared under similarly scheduled life- 
histories were able to recover from the effects of short periods of com- 
plete isolation. We hypothesized that chlorpromazine would interfere 
with this readjustment. 


Design of Experiment 

Subjects were 32 beagle puppies from eight litters reared at the 
Jackson Memorial Laboratory. Four subjects were selected from each 
litter of more than four by random assignment. Puppies lived with 
their mother for three weeks and were placed in isolation at age 21 to 
23 days, the exact date depending upon evaluation of their ability to 
feed themselves. Before isolation they were wormed and treated for 
external parasites. 

Isolation cages 30 in. x 24 in. x 24 in. were constructed of plywood 
bolted to aluminum frames. Each cage was continuously illuminated 
by means of a flush-mounted unit in the door. A blower mounted on 
the door provided ventilation and also served to mask external sound. 
A floor of expanded metal mesh allowed urine and feces to drop into 
a pan of sawdust which could be removed periodically without touching 
the animals or allowing them to see the caretaker. A one-way-vision 
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window covered on the inside by a slide permitted the experimenters 
to inspect the dogs periodically. Food and water were introduced in 
stainless steel pans clamped to a long-handled carrier. A small hinged 
door in the top of the cage door allowed introduction of the food con- 
tainers which were then lowered to the floor of the living compartment, 
the handle riding in a slot cut in the door. A curtain fastened above the 
food door concealed the experimenters from the subject during the intro- 
duction and removal of the food and water dishes. 

The design of the experiment is set forth in Table 1. Subjects re- 
mained in a complete isolation through weeks four to seven. At the 


Table 1. Design of experiment 


Weeks of age 
Group 
1—3 5—7 8—11 12—15 16—17 
CPZ-Litters 
1, 3, 5,7 
CPZ 
no punish 
punish 
CPZ-Litters 
2, 4, 6,8 
no drug 
° no punish no drug 
1, 3,5,7 All groups given 
with | complete punish runway test. 
mother | isolation CPZ.-Litters 
1.3.5.7 reatmen 
no punish 
CPZ-Litters 
no drug 2, 4, 6,8 
no drug 
D punish 1,3,5,7 
no punish 
Phase I Phase IT Phase IIT 
arena tests 
semi-isolation group living 


CPZ indicates oral administration of chlorpromazine, 20 mg/kg, one hour 
before arena tests. Punish indicates that some objects in the arena were electrified, 
and subjects were struck when approaching the handler under certain conditions. 


beginning of the eighth week the members of each litter were randomly 
assigned to four groups, A, B, C, and D. Half of the subjects were 
assigned to drug treatment which consisted of 20mg. per kg. of 
chlorpromazine * given orally two hours prior to the arena tests which 


a Chlorpromazine was generously furnished by Smith, Kline & French in the 
form of Thorazine Spansules. In this form, the chlorpromazine is liberated gra- 
dually. 
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are described below. One-half of the drug group (C) was assigned to 
a “punished” treatment, which involved training to avoid electrified 
objects and punishment by a handler for approaching at particular 
phases of the arena test. The other half (A) were assigned to a ‘“‘non- 
punished” treatment. The control no-drug group was likewise sub- 
divided into punished (D) and non-punished (B) subgroups. Arena tests 
were given five days a week for all subjects. This procedure was con- 
tinued for four weeks, so that each subject during Phase I received a 
total of 20 training sessions approximately 15 minutes in length. 

Phase II (12—15 weeks). All subjects on the “non-punished” pro- 
cedure were changed to ‘“‘punished’”’, and the “punished” group was 
also reversed. For the odd-numbered litters, drug treatment continued 
as in the 8—11 week period. For even-numbered litters, drug treatment 
was reversed also. This second phase of the experiment also included 
20 arena tests. Immediately following the last (fortieth) training period, 
the members of a litter were placed together in living pens approxima- 
tely 6 ft. x 6 ft. No further drug treatment was given. 

For the next two weeks (Phase III) additional observations on 
emotional and social behavior were made. Some of these tests were 
carried out in a new situation in order to test for generalization of treat- 
ment effects to a new situation. In addition, subjects were returned 
three times to the arena for repetition of the standard training pro- 
cedures. 


Experimental Procedures and Methods of Observation 


The arena in which training and observation were carried out was 
fenced in by opaque barriers three feet high, enclosing an area 10 1/, ft. 
x 101/, ft. divided into nine equal squares by white lines painted on 
the floor. Illumination was provided from windows and by an overhead 
light bulb. On three sides the fence was lined with poultry mesh which, 
for the “punished” puppies, could be electrified by means of an electric 
fence charger. A chair and a box with a ramp were present at all times 
in the arena. The top of the box was covered with wire mesh which 
could be electrified for the “punished” puppies. Stimulus objects could 
be lowered from the ceiling by means of pulleys. The arena test con- 
sisted of three parts designed to evaluate the subject’s response to a 
human handler, to play objects, and to a littermate companion. Each 
part was further divided into two or more episodes which are described 
below. Observations were recorded continuously, except as noted, by 
an observer seated just outside the arena. The details of arena procedure 
are outlined below. 

1. Hold: The handler carried the puppy into the arena, sat down in 
the chair, while stroking and speaking to the puppy which was 
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held in his lap for one minute. Following this, the handler sat quietly 
for an additional minute, restraining the puppy only enough to prevent 
his jumping to the floor. Observations were taken only during the 
second minute. 

2. Sit: The puppy was placed on the floor while the handler remained 
seated and passive for one minute. 

3. Walk: The handler walked slowly around the periphery of the 
arena for one minute, reversing directions each 20 seconds. 

4, Crouch Active: The handler crouched for one minute in one corner 
of the arena and played actively with the puppy whenever it entered 
the corner square. 

5. Crouch Passive: The handler remained in the same position for 
one minute, but made no response to the puppy. 

6. Call: The observer from outside the arena extended his hand and 
called “Come”. If the puppy did not approach and make contact, the 
word was repeated three times at 5-second intervals, making a total 
of 20 seconds allowed for response. The handler then called from his 
crouching position on the same time schedule. Finally, the observer 
again called the puppy. If the puppy made contact with the person 
calling, he was stroked and spoken to for the remainder of the 20-second 
period. At the end of this episode the handler left the arena. 

7. Ball: With the use of a 5-ft. ‘‘stimulus presenter’ a rubber ball 
2 in. in diameter was dropped in front of ‘1e puppy and observations 
were recorded for two minutes. 

8. Bell: A rubber dumbbell, with a metal insert which tinkled when 
shaken, was lowered from the ceiling and moved up and down to attract 
subject’s attention. Stainless steel wire which could be electrified for 
the “punished” subjects was wound about the bell. Observations were 
made for two minutes. 

9. Companion: Pairings for the companion episodes were always A 
with B and C with D within litters. The ball was removed, the bell 
raised, and the companion introduced in the center of the arena. Be- 
havior was observed alternately for the first puppy in the arena and 
for his companion, one minute apiece. 

10. Competition: A towel was lowered from the ceiling to furnish 
the puppies an opportunity to compete for its possession and control. 
Observations were continued for two minutes. Following the Competi- 
tion period, the puppy which had been tested with the handler and play 
objects was removed and the companion was observed on the episodes 
with toys and handler. Members of a pair were regularly alternated 
between the first and second positions. 

11. Punishment: The procedure for punished puppies was exactly 
the same as for the non-punished puppies, with the following exceptions: 
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The sides of the arena, top of the box, bell, and towel were electrified 
approximately once per second throughout the test period. In the Sit 
and Crouch-Active episodes, the handler punished the puppy by strik- 
ing him with a rolled-up newspaper whenever the subject entered the 
square in which the handler was seated or crouched. 

Behavior during the arena test was reported by a system of sequen- 
tial categorized activity time sampling (SCATS). In this method, each 
minute is divided into twelve 5-second observation periods (Fig. 1). 


—----—- One Minute —| 
Stimulus Contacts Locomotion Displacement activity 
Score O—4 Squares entered o—4 


Fig. 1. Scheme of observation procedures for sequential categorized activity time sampling 
(SCATS) 


During the first sequence of four observation periods, records were made 
of the contacts of the subject with the major stimulus present during 
each episode. A score of one was assigned for each 5-second period 
during which such contact is made. Thus, if a subject held the ball in 
his mouth continuously for 20 seconds he would receive a score of four, 
and if he touched it briefly at the sixth and eighteentt. seconds, he would 
receive a score of two. Locomotor activity, measured by the number of 
squares entered, was recorded during the next sequence of observation 
periods. In addition, the observer rated general activity on a four 
point scale ranging from quiescence to vigorous activity. The remaining 
sequence of four 5-second periods was devoted to recording a variety 
of behaviors including vocalization, investigation, and orientation to 
the different features of the arena, Particular attention in our analysis 
of results has been given to responses to stimuli other than the handler, 
play objects, and companion, as recorded in the third time sample. 
We have called these “displacement activities’ in that they were parti- 
cularly liable to occur when the animal was frustrated in manipulating 
or relating to the primary stimuli in the experimental setting. We are 
not certain whether they correspond to displacement phenomena described 
in goal-frustrated animals by European ethologists or the familiar 
defense of displacement used to explain certain neurotic behaviors in 
humans. 
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A Runway Test was devised to measure the response of the animals 
to a reward which consisted of brief stroking by an experimenter. A 
runway, 16 ft. long x 4 ft. wide, was constructed, with opaque sides 
of black building paper. A starting compartment at one end could be 
closed off by a swinging door operated by an experimenter standing 
behind a screen. Subjects during testing were fitted with a harness to 
which could be fastened a snap lead running to an overhead trolley. 
Thus the subject was free to run, but he could be led in either direction 
without direct contact. At the far end of the runway was a screen be- 
hind which a second experimenter was seated, with arms extended into 
the runway through openings in the screen. Running time was taken 
as the interval between the opening of the starting gate and contact 
of the subject with the experimenter’s hand. Following such contact, 
the dog was stroked gently for 10 seconds and was then led back to 
the starting compartment. One day was allowed for habituation to the 
apparatus and for observations of emotional behavior and resistance 
to being led. Beginning on the second day, subjects were run 10 trials 
daily for three days. If the subject failed to make contact with the ex- 
perimenter’s hands within two minutes, he was returned to the starting 
box and a new trial commenced. 

Three variations of the simple runway problem were employed. On 
day 5, a wire barrier which obstructed the middle two-thirds of the run- 
way was placed midway between the starting chamber and the goal. 
Ten trials were given under these conditions. On days 6 and 7 a group 
dominance test was carried out in the runway. The four puppies of 
the litter were placed, without harnesses, together in the starting box. 
Following the first heat, the winners was removed and a second heat 
was run with the three remaining subjects. The winner of this heat 
was removed and a third trial run between the two remaining subjects. 
Four sets of three heats were run on each of two days, thus providing 
eight ordinal rankings of dominance, Finally, all subjects were tested 
individually for ‘irrational fears”. A doorbell mounted above the middle 
of the runway was sounded simultaneously with the opening of the 
starting gate on each trial. The bell was sounded for 10 seconds, or 
until subject made contact with the goal. Interposed with the runway 
tests were additional observations in the arena. 


Results 
It is convenient to present separately the results of the three phases 
of experimental treatment. During weeks 8—11 we were primarily 
interested in the differential effects of chlorpromazine and punishment 
upon the frequency of various responses and the age at which they 
first appeared. The second phase (weeks 12—15) was planned parti- 
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cularly to evaluate the effects of chlorpromazine upon the extinction 
of the avoidance responses learned by the two groups punished during 
Phase I. Finally, in Phase III, we compared the performance in a new 
situation of subjects who received chlorpromazine for eight, four (early and 
late), and no weeks, thus providing a measure of persistent behavioral effects. 
No differences between groups in growth rate or other indicators of 
physical health were found at any time. In general, the wellbeing of 
the subjects compared fa- 


vorably with that of pup- 
2 / \ pies reared with their 
—} to normal weaning 

SA wa Phase I, Weeks 8—11. 

Pa The mean locomotion scores 
a ye for each experimental group 
NI are shown in the left hand 

side of Fig. 2. The differen- 

ces between treatments 
id were tested for significance 
was P<200 in this and other compari- 

| sons by the Freedmann 

0 rank order analysis of vari- 


ge Weeks 

Fig. 2. The effect of chlorpromazine and punishment on hout the four weeks non- 

locomotion. The treatment of each group is identified: unished, non-drugged do: 
gs 

Solid circles = chlorpromazine, 20 mg/kg; clear circles = G B istentl 

no drug. A slash through the circle indicates punishment. ( roup ) were consistently 

Between weeks 11 and 12, subjects were shifted to new highest in locomotion and 

treatments as shown by the broken lines. Since the sub- ‘ 

groups derived from different treatments during Phase I punished, drugged dogs 

did not differ in Phase II, they were combined into four (Group C) were lowest. 


new treatment groups. The significance of the group 
differences at 8, 12, and 15 weeks of age is indicated Groups A and D after the 


first week were approxi- 
mately equal in locomotion. Group differences were significant at the 
0.001 level. Both punishment and chlorpromazine decrease activity and 
they appear to act additively. 

The mean number of stimulus contacts with the handler, ball, and 
companion are set forth in Table 2. During the eighth week (first week 
of treatment) group differences in contacts with the handler were signi- 
ficant (p= 0.01) and tended to be correlated with locomotion. By the 
eleventh week group differences had decreased and were non-significant. 
Ball contacts showed a similar trend, but Group D pups were signi- 
ficantly lower throughout. Contacts with the companion, on the other 
hand, were essentially equal for all groups and seemed to bear no rela- 
tionship to differences in locomotion. 
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Table 2. Mean stimulus contacts during weeks 8—11 


Week 
Stimulus Group CPZ PUN 
8 9 10 11 
Handler A a _— 27.2 33.5 36.8 42.5 
B 27.2 38.3 42.7 44.5 
Cc ote 18,3 27.0 32.7 39.5 
D — a 22,3 31.8 40.5 44.6 
A 10,0 18.7 22.2 23.1 
B 12.0 24.8 28.6 30.2 
C + + 10.2 10.1 17.2 23.5 
D 3.7 7.7 11.1 14.3 
Companion A 22.1 23.0 26.8 29.0 
B 21.6 27.6 29.8 29.5 
C 21.8 23.7 27.0 29.0 
D — + 21.7 28.8 31.1 32.6 


Another measure of response to the handler was the number of 
times the subject was called before making contact (“come refusals’). 
During week 8 of the experiment, punished animals approached signi- 
ficantly less frequently than did non-punished. The effect persisted 
during the ninth week, but by the eleventh week the slight difference 
in approach was between drugged and non-drugged groups rather than 
punished and non-punished groups. Motivation to approach the handler 
was not reduced by punishment in other phases of the Arena Test, and 
the slower approach of 
thedrugged animals was Table 3. Mean vocalization score for weeks 8—I1 
probably related to de- Week 


Displacement beha- 
vior has been summari- 
zed in two measures. 
Vocalization scored are 
presented in Table 3. 
Individual variation was so great that the differences did not reach 
statistical significance, but it is interesting that the subjects receiving 
chlorpromazine consistently vocalized more than their controls. Punish- 
ment appeared to have no effect. This finding was rather unexpected, 
since some investigators have used vocalization as an indicator of 
“anxiety”, and one would have expected punished animals to be 
more “anxious” in the test situation. 

A second measure of displacement behavior was the amount of in- 
vestigation of safe features of the environment, chiefly the floor and 
the handler’s chair (Table 4). Group differences were not significant 
during the first week, but significant changes (p=0.02) were found in 


66.7 | 46.6 | 32.5 | 23 
15.3 6.7 | 10.0 7. 

38.3 | 33.5 | 26: 
26.5 | 15.3 9.0 | 10 
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the trends of the four groups. Punished subjects increased their “‘save- 
investigation” scores. Non-punished animals, though more active, de- 
creased their overali “safe-investigation’’. Drug treatment did not modify 
these relationships. All puppies appeared to carry out a certain amount 
of investigation when introduced to a stimulating environment. Sub- 
jects punished for approaching some of the more salient features of the 
environment ceased investigation of these areas, and concentrated upon 
other areas and objects. Punished puppies were often observed spending 
long periods sniffing and 

» manipulating small pie- 

Table 4. Mean investigation of ‘‘safe environment 


score, weeks 8—11 
accidentally left on the 


Group | CPZ PUN floor. 
8 9 | wo] iu Groups C and D were 
a | + | 336] 308 | 245 | 29.7 Compared with respect 
B 0 0 | 40.5 | 29.0 | 27.7 | 25.5 | tothe number of punish- 
Cc + + | 25.1 | 46.8 | 41.2 | 368 ments that they recei- 
D 0 + | 33.6 | 51.5 | 51.1 | 536 ~~ \24 to determine whe- 


ther chlorpromazine im- 
paired the ability to discriminate “safe” and “dangerous’’ situations. 
For the first three weeks the average number of shocks and swats was 
almost identical for the two groups. During the last week, there was 
a noticeable tendency for the C (chlorpromazine) group to receive more 
shocks than the non-drugged controls. Although this difference was 
significant by the signs test (p —0.008) it is not corroborated by other 
measures. 

Another measure of the difference between the two punished groups 
is the time required to reach a criterion of no shocks, or no swats, for 
one session and for two consecu- 


Table 5. Measures of avoidance learning, tive Sessions. This data, summari- 
weeks 8—I11 zed in Table 5, showed no signi- 


= ficant differences between the 
Ithough the direction 
C(CPZ)|Dinodrug) 

of the difference in every com- 

First shock-free day . | 3.5 3.0 parison showed more rapid acqui- 

Two consecutive sition by the non-drugged pup- 

shock-free days . . 8.6 6.4 ; 

First swat-free day. . | 6.1 4.0 pow: 

Two consecutive It may be argued that the 

swat-free days. . . | 14.3 | 11.0 more active non-drugged puppies 


have actually learned better, since 
part of the reduction in punishment of the drugged group can be 


attributed to reduced locomotion. The drugged puppies do not expose 
themselves to an equal risk, yet they receive approximately the same 
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amount of punishment overall. Even if this argument is accepted, 
the differences between the two groups with respect to learning to 
discriminate safe from dangerous situations appeared to be minor. 

The four groups were also compared with respect to the time of 
first occurrence of certain responses. These results are summarized in 
Table 6. Punished subjects were slower to make contact with the hand- 
ler and observer during so-called “‘safe’’ episodes. No differences attri- 
butable to chlorpromazine were found. In a number of instances, 
animals given chlorpromazine actually showed certain responses earlier 
than their controls. We may safely conclude that chlorpromazine in 
the dosages employed had no retarding effect upon the appearance of 
new response patterns. 


Table 6. First day for appearance of particular behavior incidents 


Group mean 
A (CPZ, —) B(—,—) |C(CPZ,PUN)} D(—, PUN) 
Contact with companion 1.1 1.5 1.1 1.4 
Contact with bell. . . . .. 1.4 1.7 2.6 4.4 
Contact with ball ..... 1.5 2.2 2.1 3.1 
Contact during walk .... 1.9 1.9 4.2 4.4 
Contact—handler’s call . . . 2.5 2.6 5.0 8.0 


In summary, the most striking difference between groups in Phase I 
was seen in locomotor activity. Certain other differ nces, such as those 
in number of contacts with the handler and with play objects, appear 
to be derivatives of this major effect. However, neither chlorpromazine 
nor punishment had much effect upon contacts with a companion puppy. 
Even before the quantitative estimates were available, the observers 
became aware of the fact that differences between drugged and non- 
drugged puppies were most apparent during the episodes with inanimate 
objects. In the companion period, both subjects were generally highly 
active and often appeared indistinguishable. Chlorpromazine may be 
said to have a major or a minor effect upon behavior, depending upon 
the nature of the eliciting stimulus complex. 

Phase Il, Weeks 12—15. The change from the non-punished to the 
punished condition elicited considerable disturbance in Group A and B 
subjects who had learned to play actively with the ball, jump against 
the wire barrier, and contact the handler frequently while he was seated 
or crouched. The subjects quickly discriminated between the safe and 
dangerous conditions in the arena. Although they received a little more 
punishment on the average during week 12 than did Groups C and D 
during week 8, the differences were not significant. The older pups did 
learn to avoid punishment more consistently (p= <0.05), but there was 
no difference between drugged and non-drugged groups. 
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Effects on locomotor activity were striking (Fig. 2). The locomotion 
curves for the four treatment groups during weeks 12—15 appear to 
be simple continuations of the 8—11 week curves, but it must be remem- 
bered that all subjects were shifted with respect to punishment, and 
half were changed with respect to drug. Thus each of the continuation 
groups was made up from an entirely different set of subjects. A rank 
order comparison within the 12—15 week treatment groups showed no 
differences attributable to the earlier treatment. Locomotor behavior 
appeared to be controlled by the immediate circumstances. 

In general, subjects adapted from the non-punished to punished 
regime within a few days. Contacts with the handler during safe periods, 
with play objects, and with the companion, were maintained at the 
former level, indicating that punishment did not generalize from one 
episode to another. 

The effects of the change from punishment to non-punishment were 
more interesting. The results set forth in Table 7 support the hypothesis 
that chlorpromazine would facilitate the extinction of the avoidance 
behavior acquired during weeks 8—11. The numbers of contacts with 
the handler (during crouch and sit) were little higher for the chlor- 
promazine group than for the non-drugged. Also fewer days elapsed 
before the chlorpromazine puppies made contacts with the handler or 
the bell. Whether drug was given or not during acquisition of the 
avoidance habit seems to be inconsequential. The significant fact is 
the nature of the treatment during the extinction phase. 


Table 7. The effects of chlorpromazine upon extinction of avoidance behavior acquired 
during weeks 8—11 


Group Week 
12 15 12 15 12 15 
D event CPZ 17.5 27.0 44 9.3 6.0 8.5 
D odd }nodrug 7.0 28.0 2.0 10.4 13 9.7 
pvalue.... 0.07 NS NS NS 0.07 NS 


In summary, the results of Phase II confirm the facilitating effect 
of chlorpromazine upon the extinction of learned avoidance behavior. 
No deleterious effects were found upon learning a new avoidance pattern. 
Activity was decreased by punishment and drug treatment, the two 
agents acting additively. 

Phase III, Post-treatment Tests. On the first day in the runway 
most subjects located the handler after a few trials and then ran readily. 
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Two subjects failed to run within the ten trials. The median of the 
average individual times was 7.3 sec.; the range from 4.3 sec. to 65.6 sec. 
(excluding the two who did not run). The median individual average 
time for the third day trials was 3.4 sec.; the range 2.2 sec. to 120.0 sec. 
(42.0 sec. excluding one subject who still failled to run). It is interesting 
to note that the running response can be acquired and maintained by 
a reinforcement procedure consisting of a few seconds of stroking. 
Although extinction trials were not run on these subjects, other experi- 
ments have shown that the running response disappears if the stroking 
is discontinued. 

Placing the barrier in the runway increased running times (median 
increase 8.5 sec.), but no differential effects of treatment were found. 
Similarly the sounding of the bell had a temporary effect (median time 
for the first five trials 6.6 sec. as compared with 3.4 at the end of the 
training), but again no differences between groups were observed. Many 
subjects eventually ran faster during the bell ringing. The median 
average time for the last five trials was 3.0 sec., range 2.1—28.4 (ex- 
cluding the non-running subject). 

Thus none of the individualrun- Tables. Effect of early treatment (8—I1 
way measures discriminated be- weeks) upon runway dominance at 17 weeks 


tween the treatments. 
Data on the runway dominance = 
test are presented in Table 8. 
When classified according to the 1 3 2 1 4 
8—11 weeks treatments, there is : 1 4 : 3 
3 1 2 3 
a hint that the D animals (non- 4 2 4 1 3 
drugged, punished) may be more 5 4 2 1 3 
subordinate, but the Freedman 
rank test does not reach the 8 3 1 2 4 
0.05 level of significance. When Sum 17 19 | 16 28 
the grouping is made according °=6.76 p= <0.10 


to the 12—15 weeks treatments, 

even this vestige of a difference disappears. Chlorpromazine treatment 

for either eight weeks or four weeks does not impair the ability of a 

pup to compete with its littermates when the drug is discontinued. 
In summary, none of the post-treatment tests clearly discriminated 

the effects of chlorpromazine or of punishment. We conclude that, 

under the circumstances of our experiments, their effects are transitory. 


Discussion 
The major hypothesis with which this experiment started received 
no confirmation from the data. The effects of chlorpromazine upon 
psychological development appear to be minor, if in fact they exist 
Psychopharmacologia, Bd. 1 27 
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at all. This may be reassuring to those concerned about the occurrence 
of learning deficits or other impairments in children chronically treated 
with chlorpromazine. Yet our failure to demonstrate effects from tran- 
quillization comparable to those of isolation does not mean that drugs 
cannot modify psychological development. One possibility is that 
chiorpromazine is a less effective inhibitor of learning than are some 
other drugs. Hess (1957), for example, has shown that meprobamate 
interferes with imprinting in ducklings, but chlorpromazine is ineffective. 

Another way of adding sensitivity to our tests might be to reduce 
the amount of time the subjects spend in the arena. Fifteen minutes 
a day, five days a week, may permit gross overlearning of the discrimi- 
nations and responses which a puppy acquires in our test situation. 
Under such circumstances, decrements in learning ability might not be 
detectable by our methods, particularly when puppies show such great 
individual variation. 

The results of the study demonstrate that the amount of stimulation 
and opportunities to learn adaptive responses were fully adequate. 
Puppies in the arena situation were active, confident, and highly respon- 
sive to the test stimuli. Sufficient training was provided to permit 
organization of response systems even in the slowest subjects. Some- 
where between 75 minutes per week and zero minutes per week is a 
minimal duration of exposure to complex stimulation necessary fo: the 
organization of social an manipulative response patterns. Schedules of 
experience may be as important in psychological development as sche- 
dules of reinforcement are in the rate of emission of particular responses. 

It seems desirable to find critical schedules which provide the mini- 
mum experiential requirement in order to carry out more sensitive 
tests for drug effects on psychological development. 


Summary 

Puppies were removed from the mother at three weeks of age and 
isolated through the seventh week. During the 8th—11th weeks (Phase I) 
one half received chlorpromazine daily before being removed for a train- 
ing and observation session in an open arena. One half of each group 
were always rewarded; the remainder were punished for certain forms 
of behavior. 

During Phase II (weeks 12—15) all subjects were reversed on 
punishment, and half were reversed on drug. Observations in the arena 
were continued. 

In Phase III (weeks 16—17) drug was withdrawn and tests were 
conducted in a runway and in the arena to measure persistent effects. 

The results were as follows: 

During Phase I, both drug and punishment depressed the activity 
level of the animals and did so additively. Chlorpromazine did not 
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impair the ability of the subjects to discriminate safe from dangerous 
situations in the Arena test and had no delaying effect upon the ap- 
pearence of new responses; on the other hand, the drug did not alter 
the “anxieties” of the puppies in such a way as to enable them to enter 
new situations before non-drugged animals. Differences between drugged 
and non-drugged puppies were most evident in contacts with inanimate 
objects. In play with companion puppies, perhaps because of increased 
stimulus intensity, both groups were highly active and often indistin- 
guishable. This would indicate the importance of stimulus context in 
interpreting behavioral effects from chlorpromazine. 

In Phase IT, in animals changed from a non-punished regime, it was 
again evident that chlorpromazine has no deleterious effects upon 
learning a new avoidance pattern; dangerous versus safe phases of 
the Arena test were readily discriminated. In groups changed from 
punishment to non-punishment, the facilitating effect of chlorpromazine 
on extinction of avoidance behavior was apparent. Whether or not 
drug had been given to the prior punishment phase was inconsequential ; 
the crucial fact was the presence of drug treatment during extinction. 

Phase III tests failed to demonstrate any significant differences 
between groups, either in arena behavior, willingness to run for handler 
contact, or in the runway dominance test. 
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Reversible and Irreversible Dyskinesia after 
Treatment with Perphenazine, Chlorpromazine, Reserpine 
and Electroconvulsive Therapy * 

By 
L. Unrsranp and A. FAURBYE 
With 1 Figure in the Text 
(Received March 5, 1960) 


Neurological symptoms are often observed as side effects in the 
treatment of psychoses with psychopharmaca. Such neurological sym- 
ptoms have hitherto been considered as a minor inconvenience because 
they disappeared after reduction of the dose or cessation of the treat- 
ment but now we have observed that neurological symptoms may 
persist as irreversible phenomena after cessation of the treatment. 

The neurological symptoms which we have observed being irrevers- 
ible in some cases is a syndrome (bucco-linguo-masticatory dyskinesia) 
consisting of incessant involuntary munching and masticatory move- 
ments of the jaw during which the tongue is protruded at short intervals 
with vigorous grimaces of the lips (see Fig. 1). In the most serious 
cases there are also rocking and torsionary body movements and in- 
cessant tripping and shuffling movements so that the patient can not 
stand still. 

SHANNON et al. (1957) have noted in patients treated with perphena- 
zine occasional stiffness of the face and neck muscles together with 
protrusion of the tongue. The attacks disappeared after stopping per- 
phenazine, reduction of the dose or administration of barbituric acid 
compounds, 

CHRISTIAN and PAuLsEN (1958) describe the case of a patient who 
was treated with small doses of prochlorperazine (Stemetil). On the 
third day of treatment an alarming state developed with protrusion of 
the tongue, spasms of the neck muscles, and later on opisthotonus and 
increasing respiratory trouble. Only intravenous injection of a barb- 
ituric acid preparation restored the patient. 

FREYHAN (1959) describes a “‘perioral’’ syndrome arisen under treat- 
ment with ataraxica consisting of involuntary protrusion of the tongue 
accompanied by tonic contraction of the muscles of the face and neck. 


* Read before the Danish Neurologic Society 25. 1. 1960. Part of the paper 
read before the Danish Psychiatric Society 2. 5. 1959. 
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These symptoms were observed in the first stage of the treatment. They 
disappeared after reduction of the dose and administration of kema- 
drine (procyclidine hydrochloride). Coffeic potassium benzoate was also 
effective. 

Dexay et al. (1959) have given a comprehensive survey of various 
neurological symptoms after treatment with neuroleptica. They describe 
a number of types of dyskinesia as reversible phenomena, including 
bucco-linguo-masticatory crises, akathisia (difficulty of remaining in sit- 
ting position) and tasikinesia (a constant desire to walk). 

The bucco-linguo-masticatory dyskinetic syndrome has thus been 
described more or less completely in the literature but so far only as 
reversible phenomenon. 

In November and December 1957 we observed 2 cases of bucco- 
linguo-masticatory dyskinesia which arose as a direct result of electro- 
convulsive therapy. Dyskinesia is still present in these two patients, and 
is presumably due to some organic lesion. 

During the winter and spring of 1959 we became aware of a number 
of similar syndromes that had developed in patients under pharmaco- 
therapy and in June 1959 a systematical examination of all the about 
500 patients of the department, who are all females, proved that a total 
number of 33 had this dyskinetic syndrome. 4 of these were ascribed 
to electroconvulsive therapy and 29 to treatment with perphenazine 
(Trilafon), chlorpromazine (Largactil), and reserpine (Serpasil). A num- 
ber of the cases of dyskinesia caused by medicine have also proved 
irreversible. Observation of the patients was completed in October 1959. 


15 of the 29 cases of dyskinesia ascribed to psychopharmaca are due 
to perphenazine (Trilafon), which often has a good effect on the psychic 
condition, but has proved to have many side effects when taken for 
some time. After the introduction of perphenazine for the treatment of 
psychoses a large number of cases of dyskinesia occurred simultane- 
ously, and gradually we became aware of the fact that the dyskinetic 
syndrome was in some instances an irreversible result of pharmaco- 
therapy with perphenazine. 

We have treated altogether 155 patients with perphenazine. In 
121 (78 per cent) there were side effects, which were more frequent in 
elderly patients than in the younger ones. Out of 98 patients under 
60 years of age 73 per cent had side effects, and in 57 patients over 
60 years of age 88 per cent had side effects. Most of these side effects 
were, however, slight and temporary. The symptoms in question were 
the same as described by other authors: rigidity, tremor, paresthesia, 
oculogyric crises, stridulous respiration, drowsiness, dryness of the mu- 
cous membranes, vertigo, and in a few cases nausea and vomiting. 
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Table 1 describes the 15 patients whose dyskinetic syndrome is ascri- 
bed to perphenazine. Most of the patients have taken other psycho- 
pharmaca before perphenazine, but only in moderate doses and for 
short periods, as will be seen from the table. Thus the other drugs have 
hardly had any important effect, and in 12 of the patients the syndrome 
arose during or immediately after the perphenazine treatment. It is 
characteristic of the dyskinesia due to perphenazine observed here that 


Table 1. 15 patients with Dyskinetic syndrome after treatment with perphenazine 


Number Diagnosis and 
and | Age duration of Treatment Dyskinesia 
name disease (mg) 
1. 55 Schizophrenia. | 1956/58 chlorpromazine for 20 months 170 Dyskinesia observed in 
H. K. 6 years 1958 perphenazine for 1 month 35 December 1958, dis- 
Treatment terminated appeared 4 months 
December 1958 after ceasing treat- 
ment 
2. 63 Schizophrenia. | 1958 perphenazine for 8 months 28 Dyskinesia observed in 
M.P 20 years Treatment terminated November 1958, 
December 1958 treatment terminated 
one month later, dys- 
kinesia disappeared 
3 months after ceas- 
ing treatment 
3. 61 Schizophrenia | 1954/55 chlorpromazine for 7 months 270 Tremor was observed 
A.C, (prefrontal leu- | 1955/57 reserpine for 20 months 4.5 during treatment with 
cotomy 1949 1957/58 chlorpromazine for 17 months 265 perphenazine in Fe- 
and releucoto- | 1958 perphenazine for 3 months 20 bruary 1959. Dyskine- 
my 1954). 1958 chlorpromazine for 1 month 250 sia appeared 10 days 
33 years 1959  perphenazine for '/, month 60 after termination of 
Treatment terminated treatment and per- 
February 1959 sists still 8 months 
later 
4. 62 Schizophrenia [1955 2 ECT Dyskinesia observed 
Eb. 8. (severe icterus 1956 9 ECT September 1958, dis- 
after chlorpro- | 1956 reserpine for 1 month 2 appeared a few weeks 
mazine in 1955). | 1956/57 reserpine for 15 months 0.5 after ceasing treat- 
5 years 1958  perphenazine for 2 months 15 ment 
Treatment terminated 
September 1958 
5. 75 | Senile dementia. | 1956/57 reserpine for 10 months 1.5 Dyskinesia observed 
E, N. 5 years 1958 perphenazine for 7 months 17 January 1959 persi- 
Treatment terminated sting 9 months after 
January 1959 ceasing treatment 
6. 48 Schizophrenia | 1957 chlorpromazine for 1 month 150 Dyskinesia observed 
L. A. (prefrontal 1958  perphenazine for 2'/, months 20 October 1958, dis- 
leucotomy 1949) | Treatment terminated appeared 2 weeks af- 
30 years October 1958 ter ceasing treatment 
7. 52 Schizophrenia. |1955 chlorpromazine for 7 months| 225 Very slight degree of 
L. F, 25 years 1956 chlorpromazine for 9 months 350 dyskinesia observed 
1958/59 perphenazine for 6 months 40 February 1959, dis- 
Treatment continues appeared after admi- 
nistration of brocadi- 
sipal and reduction of 
dose in spite of con- 
tinuing 
treatment 
8. 64 | Schizophrenia. [1955 chlorpromazine for 3 months; 280 Dyskinesia observed 
N. 0, 40 years 1955/56 reserpine for 11 months 4 February 1959, dis- 
1958 _—sreserpine for '/, month 2.5 appeared 4—6 weeks 
1958/59 perphenazine for 3'/, months 45 after ceasing treat- 
Treatment terminated ment 
February 1959 
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Table 1 (continued) 


Number Diagnosis and p 
and | Age duration of Treatment Of h are Dyskinesia 
name disease 
(mg) 
9. 63 | Dementia after | 1952/53 22 ECT Dyskinesia observed in 
G. H. me’ - |1955 chlorpromazine for 1 month 250 March 1959, 3 weeks 
phalitis (pre- 1955/56 veserpine for 9 months after ceasing treat- 
frontal leucoto- |1956 14 ECT 4.5 ment, unaltered 
my 1956 and | 1956/57 chlorpromazine for 15 months 250 7 months later, not 
releucotomy 1957/59 perphenazine for 16 months 54 influenced by leuco- 
1959). Treatment terminated March 1959 tomy in July 1959 
9 years 
10. 60 Schizophrenia {1957 11 ECT Pronounced Parkinso- 
E. 8. (prefrontal 1957 chlorpromazineforl'/,month| 300 nism occured during 
leucotomy 1957 +reserpine for 3 months 5 treatment with per- 
1959). 1958 2ECT phenazine, dyski- 
c. 20 years 1958 reserpine for 2 months 10 nesia appeared shortly 
1958 perphenazine for 8 months 60 after ceasing this 
One month after termination of treatment and has 
treatment with perphenacine the since persisted 
patient resumed treatment with 
reserpine in varying dosis. April 
1959 18 ECT. September 1959 pre- 
frontal leucotomy 
11. 63 | General paraly- | 1958 chlorpromazine for 1 month 75 Dyskinesia observed in 
V.A. sis (malaria and | 1958 prochlorperazine (Stemetil) June 1959, persisting 
penicillin for 1 month 50 unaltered 4 months 
treated). 1958 chlorpromazine for 3 months 175 later 
5 years 1958 perphenazine for 4 months 46 
1959 reserpine for 4 months 0.7 
Continues treatment with reserpine 
12. 82 | Arteriosclerotic | 1958 chlorpromazine for 1 month 75 Dyskinesia observed in 
H.W. dementia. 1958/59 perphenazine for 6 months 12 May 1959, persisting 
2 years Treatment terminated May 1959 5 months after cea- 
sing treatment 
13. 75 Schizophrenia. | 1955 reserpine for 2 months 3 Dyskinesia observed in 
A.M.J. 52 years 1958 chlorpromazine for 1 month 125 June 1959, grimaces 
1958/59 perphenazine for 9 months 8.5 having, however, been 
Treatment terminated June 1959 observed for severa! 
years. The dyskinetic 
syndrome persists 
4 months after termi- 
nation of treatment 
14. 53 Chronic epide- | 1956 chlorpromazine for2 months; 325 Dyskinesia observed in 
L.V.d. mic encephalitis | 1957 chlorpromazine for*/,month 325 June 1959, persisting 
(Economo). 1958  perphenazine for 6 months 30 9 months after cea- 
24 years Treatment terminated January 1959 sing treatment 
15. 80 | Senile dementia | 1959 perphenazine for 1'/, month 20 Dyskinesia observed in 
J. M. (hypertensive | 1959 chlorpromazine for 1 week 60 July 1959, persisting 
encephalopathy) | Treatment terminated April 1959 6 months after ceasing 
10 years treatment 


it occurs late in the treatment period. It has 


at the earliest been 
observed on the 16th day of treatment. 5 of the patients did not show 
symptoms until the treatment had lasted for more than 200 days, one 
patient only after 482 days. In 3 patients (nos. 11, 14, and 15) the syn- 
drome was only observed some time after the termination of the treat- 
ment, when the systematic review of all the patients in the department 
was carried out. We may have overlooked the syndrome in these pa- 
tients at the time when the treatment with perphenazine was stopped 
for other reasons, but we have seen several cases of the dyskinetic syn- 
drome becoming more pronounced or even appearing for the first time 
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Table 2. 10 patients with Dyskinetic syndrome after treatment with chlorpromazine 


Number Diagnosis and = Se 
and | Age duration of Treatment ae bears Dyskinesia 
name disease 
(mg) 
1. 79 | Senile dementia. | 1956 chlorpromazine for 9 months} 225 Dyskinesia observed 
A. 0. 13 years 1957/59 chlorpromazinefor30months} 150 since June 1959, per- 
Continues treatment sisting in October 1959 
2. 70 | Schizophrenia. | 1956/59 chlorpromazinefor33months| 200 Dyskinesia observed 
R.A. 27 years Continues treatment since June 1959, per- 
sisting in October 1959 
3. 71 Schizophrenia. | 1956/57 chlorpromazine for 12 months 150 Dyskinesia observed 
A. 8. 37 years Treatment terminated June 1956, still per- 
December 1957 sistingin October 1959 
22 months after ter- 
mination of treat- 
ment 
4. 76 Manic-depres- | 1955 chlorpromazine for 6 months 200 Involuntary movements 
M.B sive psychosis | 1956 chlorpromazine for2months| 225 of the jaw observed 
(lymphatic leu- | 1957/58 chlorpromazine for 12 months 275 since 1956. Fully de- 
cemia). 44 years | 1959 chlorpromazine for 6 months 250 veloped dyskinetic 
Treatment terminated June 1959 syndrome observed in 
June 1959. The syn- 
drome persists 
4 months after cessa- 
tion of treatment 
5. 67 Dementia ar- 1955/56 chlorpromazinefor 3months| 150 Dyskinesia observed in 
M. F. teriosclerotica | 1957/59 chlorpromazinefor26months| 200 June 1959, remains 
(emotional Treatment terminated June 1959 4 months after termi- 
instability). nation of treatment 
3 years 
6. 53 Schizophrenia. | 1955/56chlorpromazinefor 6months| 225 Dyskinesia observed 
A.M.N,. 23 years 1956/59 chlorpromazinefor28months| 275 June 1959, persisting 
Continues treatment in October 1959 
72 | Seniledementia.| 1955 3 ECT Dyskinesia observed 
E.M.J. 4 years 1956 9 ECT June 1959, persisting 
1956 chlorpromazine for 1 month 225 in October 1959 
1956 reserpine for 2 months 4 
1957 reserpine for 1 months 5 
1957/59 chlorpromazine for 24 months 175 
Continues treatment 
8. 77 | Seniledementia. | 1956 chlorpromazine for 1 months 75 Dyskinesia observed 
oO. H. 5 years 1956 chlorpromazine for 4 months 50 June 1959, persisting 
1957 reserpine for 1 month 2 in October 1959 
1957 reserpine for 2 months 1.5 
1958/59 chlorpromazinefor18months| 100 
Continues treatment 
9. 54 Schizophrenia. | 1955  reserpin for 2 months 5 Dyskinesia observed 
X. N. 24 years 1957/59 chlorpromazinefor18months| 150 June 1959, persisting 
Continues treatment in October 1959 
10. 52 | Schizophrenia. | 1956 reserpine for 1 month 1.5 Dyskinesia observed 
L. N. 18 years 1956/59 chlorpromazine for 39 months July 1959, persisting 
Continues treatment in October 195 


when Parkinsonian rigidity caused by pharmaca diminished after reduc- 
tion of the dose or termination of the treatment. In two patients (nos. 
10 and 11) further treatment with reserpine was indicated, and in both 
cases dyskinesia still remains unabated. In no. 7 dykinesia disappeared 
on reduction of the dose of perphenazine. 

Perphenazine treatment has terminated in 12 cases, and in 5 of these 
cases dyskinesia disappeared after a fortnight to 4 months, but in 7 pa- 
tients dyskinesia still remains at the end of the observation period in 
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Table 3. Patient with Dyskinetic syndrome after treatment with reserpine 


Diagnosis and oon 
Name | Age duration of Treatment 24 hours Dyskinesia 
disease 
(mg) 
Oo. P. 72 | Schizophrenia. 1955/58 reserpine for 35 months 2 Dyskinesia observed 


27 years 1958/59 reserpine for 10 months 3.5 since June 1959 some- 


Continues treatment what diminished un- 
der treatment with 


benztropine (Cogen- 
tine) 


October 1959, respectively 4, 5, 6, 7, 8, 9, and 9 months after the cessa- 
tion of perphenazine treatment. 

Table 2 shows 10 patients in whom the dyskinetic syndrome is 
ascribed to chlorpromazine. 6 of these patients have not had any other 
psychopharmaca than chlorpromazine, while 4 have also had small 
doses of reserpine for short periods, but chlorpromazine treatment was 
of long duration and predominating in all 10 patients. 

In 7 cases further chlorpromazine treatment was indicated in spite 
of dyskinesia, which still remains unchanged in these 7 patients. In 
2 cases treatment ceased in June 1959 but dyskinesia was unchanged 
at the end of the observation period 4 months later. 

No. 3 patient stopped chlorpromazine treatment in December 1957, 
but dyskinesia was not observed prior to the systematic examination of 
all patients in June 1959, and then only in a mild degree. As the patient 
has had no other treatment than chlorpromazine, it is however probable 
that dyskinesia has been present since the chlorpromazine treatment. 
The patient shows no sign of encephalitis or other plausible causes of 
the dyskinetic syndrome. 

Table 3 shows one patient with a typical dyskinetic syndrome. The 
patient has had no other pharmacotherapy than reserpine, small doses 
being given for a long time. There are no other traceable causes of the 
dyskinesia, and we may thus presume that it was caused by the reserpine. 
The patient continues the reserpine treatment which has a good effect 
on the psychosis. Dyskinesia has diminished under treatment with 
Cogentine (Benztropine Methanesulfonate). 

Table 4 lists 3 patients treated with various psychopharmaca. It is 
not possible to judge which substance is the principal cause of the syn- 
drome. In no. | patient the syndrome disappeared on reduction of the 
thioridazine (Melleril) dosis. In no.3 the dyskinesia disappeared in 
4 months after the termination of the treatment, but in no. 2 dyskinesia 
has now persisted for 8 months after the termination of the treatment. 

In Table 5 four patients are entered in whom the dyskinetic syndrome 
is ascribed to electroconvulsive therapy. In the two first cases dys- 
kinesia arose in immediate connection with electroconvulsive therapy, 
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Table 4. 3 patients with Dyskinetic syndrome after treatment with various drugs 


Number Diagnosis and — 
and Age duration of Treatment oat os Dyskinesia 
name disease 24 hours 
(mg) 
1. 66 | Dementia. En- | 1957 reserpine for 1 month 2 The dyskinetic syn- 
H.A.P cephalopathia | 1958 chlorpromazine for 2 months 200 drome which was ob- 
atrophicans. 1958 perphenazine for 4 months 20 served in June 1959 
9 years 1959 _—i thioridazine for 6 months 75 was somewhat atypi- 
Continues treatment with thiorida- eal, the rhythm being 
zine in reduced dose faster than usual. The 
syndrome disappeared 
3 months after reduc- 
tion of thioridazine 
dose 
2. 738 Dementia 1957 chlorpromazine for 7 months 225 Dyskinesia observed in 
A. N. arteriosclerotica. | 1958 chlorpromazine for 3 months 125 June 1959, still per- 
5 years 1958  perphenazine for 1 month 20 sisting 8 month after 
1958/59 thioridazine for 3 months 80 ceasing the treatment 
Treatment terminated 
February 1959 
3. 43 Schizophrenia. | 1958 chlorpromazine for 2 months 325 Dyskinesia observed in 
K.N 20 years 1958  perphenazine for 6 months 50 June 1959, disappea- 
1958/59 thioridazine for 8 months 225 red in 4 months 
Treatment terminated June 1959 
Table 5. 4 patients with Dyskinetic syndrome after ECT 
Number Diagnosis and — 
and Age duration of Treatment 2 4 vo sa Dyskinesia 
name disease 
(mg) 
A 71 Manic-depres- | 1952/54 20 ECT Dyskinesia arose in im- 
G.P. sive psychosis | 1955/56 chlorpromazine for 13 months w mediate connection 
(protracted 1956/57 chlorpromazine for 3 months 250 with ECT in Novem- 
endogenous November 1957 12 ECT ber 1957. The syn- 
depressions). 1958 chlorpromazine for 7 months 200 drome persisting 
55 years 23 months later 
2. 56 Schizophrenia | 1955/56 chlorpromazine for 16 months 250 Dyskinesia arose in im- 
A.H.N (prefrontal 1956 =—reserpine for 1 month 3 mediate connection 
leucotomy 1957 chlorpromazine for 4 months 300 with ECT in Decem- 
1949). 1957 chlorpromazine for 5 months 400 ber 1957. It persists 
15 years December 1957 13 ECT unchanged 22 months 
later 
3. 74 Senile melan- 1952/59a total of 192 ECT Dyskinesia observed in 
D. A. cholia. 1955 chlorpromazine for 3 months 250 April 1959, persisting 
8 years 1955 reserpine for 6 months 3 unchanged since then 
1956 chlorpromazine for 2 months; 200 
1956/57 reserpine for 1 month 3 
1957 chlorpromazine for 1 month 200 
1958  perphenazine for 1 month 16 
ECT treatment once a week 
continues 
4. 72 Senile depres- | 1955/58 28 ECT Dyskinesia observed in 
A.M.S sion. 1958 si reserpine for 3 months 0.75 June 1959, has since 
5 years 1958 chlorpromazine for 1 month 100 abated considerably 
April 1959 1 ECT 
May—July 1959 
chlorpromazine for 2 months 100 
Chlorpromazine treatment termina- 
ted July 1959 


which is thus undoubtedly the direct cause. Patient no. 3 has had 
pharmacotherapy for short periods with moderate doses of chlorproma- 
zine, reserpine and perphenazine, but very intensive electroconvulsive 
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treatment, which treatment is the only one to have recognisable effect 
on the psychosis. In this patient electroconvulsive therapy is presum- 
ably the main cause of the dyskinetic syndrome. Patient no. 4 had so 
little pharmacotherapy that this can hardly have caused dyskinesia, 
thus electroconvulsive therapy is presumably the main cause. Dys- 
kinesia dimished in this patient although chlorpromazine treatment 
continued for one month after the observation of the syndrome, but 
three months after the termination of the chlorpromazine treatment 
dyskinesia has, however, not yet completely gone. 


Discussion 

Out of 29 patients with dyskinesia caused by pharmacotherapy con- 
tinuation of this therapy was indicated in 12 cases. In 2 of these 12 cases 
dyskinesia disappeared on reduction of the dose. In the 10 other pa- 
tients who have continued pharmacotherapy dyskinesia still persists. In 
some instances dyskinesia has diminished after Cogentine treatment, 
while treatment with anti-Parkinson compounds such as Brocadisipal 
and Atur- 
ban was without recognisable effect. 

17 patients have stopped pharmacotherapy, and in 6 of them dys- 
kinesia disappeared within 10 days to 4 months after the cessation of 
the treatment. 5 of these 6 patients had had perphenazine and one 
patient had had various compounds. 

In 11 of the 17 patients who terminated pharmacotherapy dys- 
kinesia has remained after the termination of the pharmacotherapy. 
7 of these cases were treated with perphenazine, and dyskinesia persists 
4, 5, 6, 7, 8, 9, and 9 months respectively, after the treatment. This 
group also includes 3 patients treated with chlorpromazine, in whom 
dyskinesia has so far lasted 4, 4, and 22 months respectively, and one 
patient treated with various pharmaca in whom dyskinesia has lasted 
for 8 months. Some of these 11 cases of dyskinesia may disappear, but 
this is unlikely, since so far no patient shows any sign of improvement. 

5 patients with permanent dyskinesia were aware of these involun- 
tary movements, and two of them were much inconvenienced. The re- 
maining patients with permanent syndromes are on account of their 
psychosis hardly aware of their dyskinesia; at least they do not com- 
plain of it. However, dyskinetic patients inevitably attract the atten- 
tion of their surroundings, and thus these patients are also caused great 
inconvenience by their ailment. 

It seems as if perphenazine is the most toxic of the pharmaca in 
question, as 15 cases of dyskinesia have been found, including 7 irrevers- 
ible ones, amongst 155 patients treated with perphenazine. 
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The relatively large number of cases of dyskinesia caused by chlor- 
promazine (10, out of which 3 are irreversible) are due to the fact that 
chlorpromazine has been the chief drug of the department since 1954. 
Several hundred patients have been treated with chlorpromazine but it 
is not possible to give the exakt number. 

Reserpine is only used as an exception, generally as an experiment 
when other treatment has no effect. Thus no conclusions may be drawn 
as to the toxidity of reserpine from the single case of dyskinesia due to 
reserpine. 

Most of our cases of bucco-linguo-masticatory dyskinesia occurred 
after prolonged treatment while the reversible dyskinetic symptoms 
described in the literature occurred at an early stage of the treatment. 

It should be noted that the patients in which the dyskinetic syn- 
drome occurs are rather old, the average age being 66, and among the 
younger patients several have an organic brain disease. Therefore it 
may be presumed that the dyskinetic syndrome occurs most easily in 
elder persons and in persons with organic brain lesions. 

We conclude from the present material that prolonged administra- 
tion of psychopharmaca carries the risk of manifestation of bucco- 
linguo-masticatory dyskinesia which in some cases may prove to be 
irreversible. The risk of manifestation of a dyskinetic syndrome seems 
greatest in elderly patients and in persons with organic brain diseases!. 


Summary 


A dyskinetic syndrome consisting of involuntary grimaces, mastica- 
tion, and propulsion of the tongue, in some cases in connection with 
akathisia and tasikinesia, due to electroconvulsive therapy, has been 
observed in 4 patients. 

Moreover 29 cases have been observed, which were due to pharmaco- 
therapy, in 15 cases with perphenazine, 10 cases with chlorpromazine, 
and one case with reserpine, and in 3 cases with various compounds. 

12 patients are continuing the pharmacotherapy and dyskinesia dis- 
appeared in 2 of these cases after the dose had been reduced. 

17 patients discontinued the treatment, but in 11 of these dyskinesia 
proved irreversible after an observation period of 4 to 22 months. 


1 Renewed investigation in May 1960 of the 11 patients with “irreversible” 
bucco-linguo-masticatory dyskinesia showed: In 1 case the dyskinesia disappeared 
in 6—7 months, in 2 cases the pharmacotherapy was renewed because of the 
psychotic condition. 4 patients have died, they had all of them dyskinesia when 
they died 7, 10, 15 and 23 months after cessation of the treatment, in 3 of these 
cases the brain is undergoing histological investigation which has not yet been 
finished. 4 patients have still dyskinesia 11, 12, 13 and 16 months after cessation 
of the treatment respectively. In May 1960 we have further observed 3 cases of 
the dyskinetic syndrome due to thioridazine (Melleril). 
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Dyskinesia generally occurred after prolonged treatment in elderly 
patients and patients with organic brain diseases. 

The conclusion is drawn that prolonged administration of psycho- 
pharmaca, which cause neurological side effects, carries the risk of lesion 
of the central nervous system with irreversible dyskinesia, especially in 
elderly patients and patients with organic brain diseases. 
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Aus dem Institut fiir Pharmakologie und Toxikologie der Karl Marx-Universitat 
Leipzig (Direktor: Prof. Dr. F. Havscaip) 


Zur Testung depressiv auf das Zentralnervensystem 
wirkender Pharmaka 


Von 
M. MCtier und J. GesHarD 
Mit 1 Textabbildung 
(Eingegangen am 5. Juli 1960) 


Zur Charakterisierung der Effekte psychotroper Pharmaka haben sich 
neben neurophysiologischen Untersuchungsverfahren auch zahlreiche 
Methoden als zweckmaBig erwiesen, denen bestimmte stabile Leistungen 
von Versuchstieren zugrunde liegen. Derartige Untersuchungen fiihrten 
gerade in den letzten Jahren zur Aufdeckung interessanter Beziehungen 
zwischen den Effekten einiger Pharmaka auf spezielle Verhaltens- 
reaktionen des Tieres und den Wirkungen derselben Stoffe auf psychische 
Vorgiange des Menschen. Jedoch zeigten sich dabei auch die besonderen 
Schwierigkeiten in der Beurteilung pharmakologischer Wirkungen auf 
das Verhalten im Tierversuch (MILLER und Barry, StpMAN). 

Die Mehrzahl der uns zugianglichen Untersuchungen iiber die Be- 
einflussung tierischer Leistungen durch Pharmaka lie8 den Reaktionen 
des Tieres nur Spielraum im Sinne einer quantitativen Verainderung; als 
Beispiel sei die Registrierung der Reaktionszeit im bedingten Flucht- 
reflex der Ratte erwahnt. Solche Untersuchungen machen zudem Sté- 
rungen der Koordination beim Versuchstier oft schlecht faBbar. Es ist 
dann schwierig zu entscheiden, ob die Substanz die spezielle getestete 
Leistung beeinfluBte, oder ob dem Tier die Reaktion durch die Koordi- 
nationsstérung unméglich wurde. 

In unseren Arbeiten zur Entwicklung geeigneter Untersuchungsver- 
fahren gingen wir davon aus, auf der Grundlage einer stabilen tierischen 
Leistung die Méglichkeit qualitativ verschiedener Reaktionen nach Appli- 
kation eines psychotropen Pharmakons offenzulassen und diese als 
Kriterien zu benutzen. Als einigermaBen geeignet erschien uns hierzu 
die Irrgartenmethode, die bekanntlich in der psychologischen Forschung 
eine erhebliche Rolle spielte und mit der auch einige pharmakologische 
Fragestellungen bearbeitet wurden. Wahrend wir zunichst deutlich 
verschiedene Wirkungen zweier Tranquillisantien auf die Reaktionen der 
Ratte beobachten konnten (KIESEWETTER und MULLER), interessierte 
uns in der Folge die Frage, ob sich das Untersuchungsverfahren zur 
Differenzierung von Pharmaka aus der Gruppe der Hypnotica bzw. 
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Neuroleptica eignet und ob sich fiir Urethan und Phenylathylbarbiturat 
einerseits und Chlorpromazin, Prothipendyl! und Reserpin andererseits, 
charakteristische Abweichungen ergeben wiirden. 


Methodik 

Der Irrgartenmethode diirften bedingt-reflektorische Ablaufe zu- 
grunde liegen. Nach DemMBowsk1 kénnte es sich um die Priifung eines 
komplexen bedingten Reflexes handeln, der 
sich im Verlaufe der Errichtung aus einer 
aufeinanderfolgenden Reihe verschiedener 
Reize aufbaut und bei dem schlieBlich die 
gesamte Situation den bedingten Reiz liefert. 
Die an den Ergebnissen dieser Methode sei- 
tens der psychologischen Forschung gekniipf- 
ten Theorien halten einer genaueren Beurtei- 
lung vielfach nicht stand (PAwLow). Fiir die 
pharmakologische Untersuchung nach diesem 
Verfahren ist die Stabilitat der Leistung, ihre 
reproduzierbare Beeinflussung durch Phar- 
maka und der geringe zeitliche und materi- 
elle Aufwand das Wesentliche. Hinweise auf 
oO ee verschiedene Untersuchungen nach der Irr- 
Ky] Zz gartenmethode wurden in einer friiheren 
Abb. 1. Konfiguration des erhoh- Mitteilung (KIESEWETTER und MULLER) ge- 
<i, geben, die methodischen Einzelheiten ent- 
2,5 em St = Startplatz,Z = Ziel Sprachen weitgehend den dort beschriebenen. 

Einiges sei hier wiederholt : 

a) Die Verwendung eines erhéhten Irrgartens erwies sich als zweck- 
maBig, weil aus naheliegenden Griinden durch Pharmaka bewirkte 
Koordinationsstérungen (Ausgleiten der Tiere) zahlenmaBig faBbar 
wurden. Die T-férmige Struktur des Labyrinths ist in der Abb. 1 er- 
sichtlich ; sie wich nicht prinzipiell von der in den friiheren Untersuchun- 
gen verwendeten ab. 

b) Die Versuche wurden an 100 etwa gleichaltrigen mannlichen Albino- 
ratten im Gewicht von 120—150 g (bei Versuchsbeginn) durchgefiihrt. 
Es handelte sich um Tiere eines Eigenzuchtstammes, deren reproduzier- 
bare Leistung im verwendeten Untersuchungsverfahren in zahlreichen 
friiheren Versuchen bestatigt werden konnte. Nach einer kurzen Ge- 
wohnungsperiode lernten die Tiere bei taglich einem Trainingsversuch 
von Mal zu Mal gréBere Abschnitte des Irrgartens (vom Ziel aus be- 
trachtet) kennen; am Ziel erhielten die Tiere eine Standardfutterration, 

1 Versuchsmengen von Prothipendyl (Dominal) wurden uns freundlicherweise 
von der Homburg AG., Frankfurt a. M., iiberlassen. 
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die den taglichen Nahrungsbedarf deckte. Nach der dreiwéchigen 
Trainingsperiode waren wahrend weiterer zwei Wochen stabile Lei- 
stungskriterien erreicht, so daB die Testungen unter pharmakologischer 
Behandlung angeschlossen werden konnten. Wahrend dieser Test- 
periode wurde gleichfalls von jedem Tier taglich einmaliges Durchlaufen 
des Labyrinths verlangt. Zur Uberwachung des Nahrungsbedarfes 
wurde das Gewicht der Ratten regelmaBig kontrolliert; geringere 
Schwankungen in der Futtermenge hatten keine sicheren Abweichungen 
in den Leistungen der Tiere zur Folge. Futterprivation iiber 48 Std fiihrte 
zu einer leichten Erhéhung der Laufgeschwindigkeit bei einzelnen Ratten, 
aber auch zu einer Vermehrung der Fehler und Halte (s, unter Abschnitt c), 
so daB die Leistungen an Zuverlissigkeit und Vergleichbarkeit ein- 
biBten. Von einer Beriicksichtigung der Futterprivation in den Te- 
stungen der Pharmaka wurde daher fiir die betreffende Fragestellung 
abgesehen, eine Bewertung der Geschwindigkeit der Nahrungsaufnahme 
wurde nicht vorgenommen. 

Die Applikation der Substanzen erfolgte stets intraperitoneal. Nahe- 
res tiber die Variierung des zeitlichen Abstandes zwischen Injektion der 
Substanzen und Beginn der Testung ist im Ergebnisteil ersichtlich. 

c) Wir registrierten (Beobachtung seitens der Experimentatoren) 
folgende Leistungskriterien : 

1. Durchlaufzeit (Zeit vom Beginn des Laufes bis zum Erreichen des 
Zieles bzw. bei Nichterreichen maximal 5 min), 

2. verschwendete Zeit (Zeit, die durch Laufen in Sackgassen bzw. 
zuriick nach dem Startplatz oder durch Halte des Tieres verstrich), 

3. Zahl der Fehler (Laufen in Sackgassen bzw. zum Startplatz hin 
entsprechend der Anzahl betroffener Teilstrecken), 

4. Zahl der Halte, 

5. Haufigkeit des Ausgleitens (Abrutschen von der Laufstrecke, 
meist mit den Hinterextremitaten). 

d) Zur statistischen Bearbeitung der Versuchsergebnisse wurden je 
nach Eignung folgende Testmethoden (SreGEL) herangezogen: 

1. Friedman-Test fiir mehrfache Versuchspaare (Vergleich der durch 
Behandlung herbeigefiihrten Veranderungen der Durchlauf- bzw. ver- 
schwendeten Zeit gegeniiber den entsprechenden Kontrollwerten zweier 
Tage vor- und nachher), 

2. Kruskal-Wallis-Test (s. Ergebnisse der Reserpin-Behandlung), 

3. Erweiterter Mediantest fiir geringen Versuchsumfang (Priifung 
der Haufigkeit des Ausgleitens zwischen aufeinanderfolgenden Dosen). 


Die Auswertung von Erhéhungen der Zahl der Fehler und Halte er- 
folgte nur informatorisch ; die beobachteten Abweichungen waren relativ 
geringfiigig. 


Psychopharmacologia, Bd. 1 28 
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Ergebnisse 
a) Urethan und Phenylithylbarbiturat. Die Versuche wurden nach 
intraperitonealer Gabe der Substanzen vornehmlich bei einem Abstand 
von 20 min zwischen Injektion und Start jedes Tieres durchgefiihrt, da 
auf Grund der Applikationsform ein rascher Eintritt der Effekte zu er- 
warten war. Einige Testungen nach einem Abstand von 3 Std dienten 
als Vergleich fiir die Versuche mit den anderen Substanzen. 


Tabelle 1. Ubersicht zur Beeinflussung der Leistungskriterien durch Urethan und 


Phenylathylbarbiturat 
> 8 D 8 D 

Urethan [100] 20minj0,1/0,4) 1,1 — 19,7; P=5% 0,3 

200} 20 min] 0,6)1,1] 3,8| P=1% | 29,3) P=0,1%| 4,4 

300} 20 min} 0,1) 1,4) 12,8 | P=0,1% | 40,5) P=0,1% | 1,9 

400} 20 min} 4,0} 6,2) 16,0 | P=0,1% [149,2) P=0,1% | 60,1 | P=1% 

500] 20 minj — P=0,1% | — 

300} 3 Std | 0,641,3} 5,0; P=1% | 34,1) P=0,1% | 3,0} P=2,5% 
Phenyl- 20min] 0,1) 1,7] 3,3 23,8} P=1% 2,4 


1 
1 
athyl- 
20min} 1,0} 2,4) 6,1 | P=0,1% | 28,1) P=1% 4,5 
3 
5 


20 

30 
saures 40} 20 min] 0,6] 3,6] 9,5 | P=0,1% | 43,8) P=1% 8,7 — 
Na 50 14,0 | P=0,1% | 64,3) P=0,1% [25,0|; P=1% | 63 
75) 20min] —|—| — 300,0) P=0,1% | — 
50} 3 Std | 8,1] 6,0] 19,8 | P=0,1% j121,4 P=0,1% {72,0 | P=1% 

D = durchschnittliche Zahl, bzw. Zeit fiir jeweils 8 Tiere pro Dosis; S = statisti- 

sche Sicherung (vgl. hierzu Text); BD,, = mittlere Blockierungsdosis. 


Die Durchschnittswerte fiir Fehler und Halte lassen eine positive Korrelierung 
erkennen. Nach 500 mg/kg Urethan bzw. 75 mg/kg Phenylathylbarbiturat war die 
Registrierung einzelner Leistungskriterien infolge der extremen Koordinations- 
stérung nicht mehr méglich. 


Die Ergebnisse sind in Tabelle 1 zusammengefaBt. Es ist ersichtlich, 
daB bei zunehmender Dosierung von Urethan und Phenylathylbarbiturat 
die Verlangerung der Durchlaufzeit mit einer Steigerung der Haufigkeit 
des Ausgleitens einherging. Andere Leistungskriterien wurden im Sinne 
einer Verschlechterung erst nach Gaben beeinfluBt, die im Bereich der 
mittleren Dosen fiir die Blockierung des Durchlaufes lagen. Es muB dabei 
beriicksichtigt werden, daB das auBerordentlich gehiufte Ausgleiten der 
Tiere eine Erschwerung der Orientierung zur Folge haben muBte. 

Die Abweichungen von den entsprechenden Normalwerten waren 
20 min nach Applikation von 300 mg/kg Urethan starker ausgepragt als 
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nach 3 Std, nach Gaben von 50 mg/kg Phenylathylbarbiturat erwies sich 
der EinfluB bei der Testung zum spateren Zeitpunkt als starker. Wie auch 
informatorische Versuche mit anderen Zeitabstanden (zwischen 20 min 
und 3 Std) zeigten, fiihrt deren Variierung zwar zu gewissen geringeren 
quantitativen Verschiebungen; sie ergibt jedoch keine neuen Gesichts- 
punkte, da die fiir die betreffenden Verbindungen charakteristischen Ver- 
ainderungen der Leistungskriterien in ihren Relationen bestehen bleiben. 


Die mittleren Blockierungsdosen (Dosen, nach deren Applikation die 
Halfte der Tiere innerhalb 5 min den Durchlauf nicht bewAltigten) lagen 
fiir Urethan zwischen dem vierten und fiinften Teil der Letaldosis 
(LD) = 1858 mg/kg Ratte i.p., eigene Bestimmung), fiir Phenylathyl- 
barbiturat etwa bei einem Drittel derselben (LD,. = 190 mg/kg Ratte i.p., 
Spector) fiir einen Testabstand von 20 min nach Injektion. Am Tage 
nach der Behandlung vorwiegend mit den hohen Dosen beider Sub- 
stanzen lieB sich eine Verlangerung der Durchlaufzeit bei deutlicher 
Vermehrung der Halte beobachten. Normale Leistungskriterien waren 
gewohnlich am 2. Tage nach der Applikation wieder erreicht. 


Tabelle 2. Verdnderung der Leistungskriterien nach Chlorpromazin und Prothipendyl 
(Erklarungen vgl. Tabelle 1) 


Start Fehler Halte Ausgleiten — Zeit BD 
Chlorpro-| 2 | 1 |0 [08]06|—| 21,9) — 
HCl 4 1 104/1,3] 2,0 |—] 74,8}P=1% | 43,9) — 
5 | 1 | 1,21 2,5] 1,6 | —| 82,2) P=0,1%| 34,0) — 
7 | 1108] 3,2| 3,4 |—h31,5| P=0,1% | 82,0] P—2,5%] 9,0 
14 | 110,312,310 |—bo00,0| P—0,1% 281,8| P—0,1% 
7 | 3 | 01/28] 1,8 |—| 73,4) P=0,1%| 5,7| P=2,5% 
144| |25]/0 |—b75,1| P=0,1% P—0,1% 
Prothi- 5 | 1 105123108 |—] 365)P=1% | 5,3) — 
10 | 1 | 0,3] 24 1,0 |—| 50,6, P=01%] — 
15 | 1 | 2,6] 3,1 | 2,6 | P—0,1% |181,3, P=1% | 14,4 
20 | 1 | 081] 2,8| 1,0 | —B00,0| P=0,1% P—0,1% 
5 | 3 103116104/—| 26 — * 
1 | 3/0 | 50) — 
| 3 | 0,1] 1,3] 0,6 |—| 33,5|P—0,1%] 1,44 — 


b) Chiorpromazin und Prothipendyl (Dominal). Tabelle 2 gibt eine 
Ubersicht iiber die Effekte der beiden Neuroleptica nach intraperi- 
tonealer Verabreichung. Die Versuche 1 Std nach Applikation ergaben 
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ab 4 mg/kg Chlorpromazin eine signifikante Verlangerung der Durchlauf- 
zeiten, die in h6heren Dosen zunahm. Andere Leistungskriterien wurden 
dabei zunachst nicht sicher beeinfluBt; die erwahnte Verainderung war 
somit im wesentlichen durch Verlangsamung der Laufgeschwindigkeit 
bedingt. 

Die in den héheren Dosen aufgetretene signifikante Steigerung der 
verschwendeten Zeit war durch gelegentliches langeres Verharren der 
Tiere im Lauf und Aufhebung der Durchlauffahigkeit einzelner Tiere, 
nach 14 mg/kg aller Tiere bedingt, die dann nahezu iiber die gesamte 
Zeit (5 min) an einer Stelle im Anfang der Durchlaufstrecke verharrten. 
Das durchschnittliche Ausgleiten erfuhr keine wesentliche Erhéhung. 


Die Beeinflussungen in den Versuchen 3 Std nach der Injektion traten 
eher etwas abgeschwiacht gegeniiber den entsprechenden nach 1 Std zu- 
tage, qualitativ waren die Wirkungen weitgehend gleichartig. 


Die Testungen eine Stunde nach Prothipendylapplikation lieferten 
sehr ahnliche Effekte im Vergleich mit Chlorpromazin. Auch bei dieser 
Verbindung erwiesen sich die Abweichungen in den Versuchen mit 
3 Std Abstand zum Zeitpunkt der Injektion als schwiacher ausgepragt; 
der Unterschied war deutlicher als bei Chlorpromazin. 


Es 14Bt sich somit sagen, daB die wesentlichen Abweichungen der 
Leistungskriterien nach Gaben von Chlorpromazin oder Prothipendyl 
in einer deutlichen Verlangsamung des Laufes der Tiere und dosis- 
abhangig dann in einer Blockierung des zielgerechten Laufes bestanden. 
Die mittlere Blockierungsdosis betrug in den 1 Std-Versuchen fiir beide 
Substanzen etwa den 15. bzw. 8. Teil der betreffenden LD,,. (137 mg/kg 
Ratte Chlorpromazin i.p., eigene Bestimmung; 115 mg/kg Ratte Pro- 
thipendyl i.p., v. ScHLICHTEGROLL). Die Versuche am Tage nach der 
Verabreichung hoher Dosen von Chlorpromazin und Prothipendyl er- 
gaben, daB bei einigen Tieren die Aufhebung der Durchlauffihigkeit 
(innerhalb 5 min) fortbestand; die Aktivitét dieser Tiere (zahlreiche 
Fehler und Halte) war jedoch im Vergleich zum Versuchstag deutlich. 
Normalisierung der Leistungskriterien war bei allen Tieren am 3. Tag 
zu verzeichnen. 

c) Reserpin. Anstelle der statistischen Bearbeitung der Durchlauf- 
bzw. verschwendeten Zeit im Friedman-Test wurde auf Grund der ge- 
ringfiigigeren Effekte des Reserpins insbesondere am Tag der Appli- 
kation und am folgenden Tage und der sich daraus ergebenden Not- 
wendigkeit einer scharferen Beurteilung der Kruskal-Wallis-Test heran- 
gezogen. Tabelle 3 zeigt, daB Reserpin! in den Versuchen mit ein- und 
dreistiindigem Abstand vom Zeitpunkt der Verabreichung selbst nach 


1 Reserpin wurde als Emulsion in 3% iger Gummi-arabicum-Lésung gleichfalls 
i.p. appliziert. 
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sehr hohen Dosen zu keinerlei signifikanten Veranderungen der normalen 
Durchlaufleistung fiihrte. 


Am Tage darauf (ohne erneute Applikation) lieBen sich jedoch deut- 
liche dosisabhangige Verlingerungen der Durchlaufzeit beobachten, ohne 
daB die verschwendete Zeit signifikant erhdht war: Somit ergab sich 
eine Verlangsamung der Laufgeschwindigkeit. Die offenbar dosis- 
abhangige Steigerung der Fehler und Halte fiihrte erst nach den beiden 
héchsten Gaben (verabreicht am Vortage) zu signifikanter Erhéhung 
der verschwendeten Zeit. Ein gesteigertes Ausgleiten wurde nicht re- 
gistriert. 


Tabelle 3. Wirkung des Reserpins am Tage der Applikation und am darauffolgenden 
Tag, an dem keine Medikation erfolgte 


Durchlaufzeit Verschwendete Zeit 


kg | nach [Fehler] Haite] Auseleiten (sec) (sec) 
501310 — fail — 
751310 loglos|—liso; — — 
501310 — — 
30.01 3 |—l2s| — — 
Reserpin 2,5 09,0 |—] 17,3 0,7 — 
50 | 1 |0111,9]02|—| 23,0 |/P=1% — 
751 1 10111,9]03|—| 301  — 
50 | 31031141/0 |—| 249 |P—25%125| — 
75 | 3104124104 /—| 368 |P=01%176| — 
15,0] 3 | 04] 3,0] 02 |—| 38,3 |P—0,1%| 7,8 | P—2,5% 
30.0 | |—] 91,8 | P=0,1% | 53,4] P—2,5% 


Die betreffenden Angaben iiber Dosis und Start sind nur zur Charakterisierung 
der Gruppen wiederholt. Uber Blockierungseffekte s. Text. Positive Korrelierung 
der Fehler und Halte am zweiten Tage. 


Diese Wirkungen blieben in ahnlicher Ausbildung noch iiber mehrere 
weitere Tage bestehen. Bei fast allen der mit 15 bzw. 30 mg/kg behan- 
delten Tiere resultierte, meist erst mehrere Tage nach der Applikation, 
eine Aufhebung der Durchlauffaihigkeit; die angewendeten Dosen lagen 
aber bereits im letalen Bereich. Die Blockierung war jedoch nicht stets 
vom Tod des Tieres gefolgt. 
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d) Bemerkungen zum Verhalten der Tiere. Das Verhalten der be- 
handelten Tiere zeigte einige Eigentiimlichkeiten, die zur weiteren Diffe- 
renzierung der einzelnen Verbindungen geeignet sind. 

Nach Gaben der Hypnotica blieb die Tendenz der zielgerechten Be- 
wegung erhalten. Selbst nach 500 mg/kg Urethan versuchten die Tiere, 
sich mit den Vorderextremitaten bei Anlahmung der Hinterextremitaten 
zielwarts zu ziehen. 

Tiere, die sich beim Ausgleiten teilweise nur noch mit den Vorder- 
extremititen am Steg zu halten vermochten, kamen beim Herauf- 
klimmen 6fter in die dem Ziel entgegengesetzte Richtung. Die dadurch 
bedingte Fehlorientierung wurde von den Ratten gewohnlich behoben: 
Einzelne Tiere, die nach 50 mg/kg Phenylathylbarbiturat den Durchlauf 
in der Testzeit nicht bewaltigten, waren doch bis kurz vor das Ziel ge- 
langt und vermochten dieses bald danach zu erreichen. 

Diese Tendenz der auf das Ziel gerichteten Fortbewegung war nach 
den héheren Chlorpromazin- oder Prothipendylgaben nicht zu beob- 
achten: Fast allgemein kamen dann die Tiere iiber die ersten Teilstiicke 
nicht hinaus und verharrten unter gelegentlichem Umwenden gewéhn- 
lich an einer Stelle. Das Ausgleiten nach dieser Behandlung, das signi- 
fikante Erhéhungen nicht erreichte, war zudem viel uncharakteristischer 
als nach den Hypnotica; es wurde trotz seiner mehr angedeuteten Aus- 
pragung voll bewertet (zuungunsten der Differenzierung). 

Die Wirkungen des Reserpins zeigten Ahnlichkeit mit den Effekten 
der anderen beiden Neuroleptica bei zeitlicher Verschiebung. Die Blok- 
kierung lieB sich auch bei langerer Beobachtung (iiber die normale Test- 
zeit hinaus) nicht aufheben; ein am 14. Tag nach Applikation von 
15 mg/kg Reserpin getestetes Tier gelangte innerhalb 2 Std nicht tiber 
Anfangsteil des Irrgartens hinaus. Andere Reserpinwirkungen wie 
Ptosis, Exsudation, Diarrhoe traten bald nach der Behandlung mit den 
héheren Dosen auf. 


Diskussion 


Aus den mitgeteilten Ergebnissen geht hervor, daB mit der Irrgarten- 
methode eine Trennung neuroleptischer und hypnotischer Wirkungen 
moglich ist. Urethan und Phenylathylbarbiturat fiihrten bei zunachst 
erhaltener Durchlauffahigkeit zu einer Koordinationsstérung; die Ver- 
hinderung des Durchlaufes nach hohen Dosen war durch diese bedingt. 
Nach Verabreichung der Neuroleptica stand die Verlangsamung der 
Laufgeschwindigkeit und schlieBlich die Blockierung der Befaihigung zu 
zielgerechtem Lauf im Vordergrund. Die Auffassung, daB sich die Irr- 
gartenmethode zur Differenzierung neuroleptischer und narkotischer 
Wirkung nicht eigne (THER et al.), mag sich aus Befunden einiger Autoren 
ergeben haben, deren methodisches Vorgehen von unserem abwich. 
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Wenn man die sehr konstante Durchlauffahigkeit der Ratte im Irr- 
garten auf bedingt-reflektorische Ablaufe zuriickfiihrt, so ist die Paral- 
lelitat zu Ergebnissen offensichtlich, die mit anderen auf bedingten 
Reflexen beruhenden Untersuchungsverfahren erzielt wurden. Chlor- 
promazin ist in dieser Hinsicht vielfaltig gepriift worden (CoURVOISIER 
et al., Guna et al., Harine et al., u.a.). Vergleichende Untersuchungen 
der Hypnotica und Neuroleptica wurden unter anderem von Kno. und 
KNOLL vorgenommen. Die Autoren konnten an einem bedingten Flucht- 
reflex der Ratte zeigen, daB dieser durch Chlorpromazin und Reserpin 
selektiv gehemmt wurde, wihrend Hypnotica die bedingten Reaktionen 
kaum beeinfluBten. 

Uber die Wirkungen des Reserpins in bedingt-reflektorischen Unter- 
suchungsverfahren wird allerdings in der Literatur nicht tberein- 
stimmend berichtet; es sei in diesem Zusammenhang auf eine Ubersicht 
von WERNER verwiesen, aus der die mégliche Bedeutung der Art der 
bedingt-reflektorischen Reaktion hervorgeht. Auch nach neurophysio- 
logischen Untersuchungen sind die Wirkungen des Reserpins nicht ohne 
weiteres mit denen des Chlorpromazins vergleichbar. Fiir die Beur- 
teilung und den Vergleich diirfte ferner die Beriicksichtigung des lang- 
samen Wirkungseintritts bedeutungsvoll sein. In unseren Befunden be- 
wirkte selbst die Applikation sehr hoher Dosen bei Testung 3 Std spater 
keine signifikanten Abweichungen, waihrend am Tage darauf der EinfluB 
auch wesentlich niedrigerer Dosen deutlich wurde und iiber Tage 
bestehen blieb. 

Es erhebt sich schlieBlich noch die Frage, ob andere depressiv auf das 
Zentralnervensystem wirkende Pharmaka ahnliche Effekte nach der 
Irrgartenmethode herbeifiihren, wie sie fiir die hier gepriiften Neuro- 
leptica beobachtet wurden. In unseren bisherigen Versuchen mit ver- 
schiedenen Verbindungen anderer Pharmakagruppen konnten den 
Neuroleptica analoge Wirkungen nicht aufgefunden werden. 


Zusammenfassung 

Es wurden Untersuchungen an Ratten zur Klirung der Frage vor- 
genommen, ob Pharmaka aus der Gruppe der Hypnotica und der Neuro- 
leptica nach der Irrgartenmethode verschiedene Anderungen in den 
Leistungen hervorrufen. An Hand der signifikanten Beeinflussung ver- 
schiedener Leistungskriterien ergab sich, daB das verwendete Unter- 
suchungsverfahren zur Differenzierung hypnotischer und neurolepti- 
scher Wirkungen geeignet ist. Wahrend Urethan*und Phenylathy]l- 
barbiturat eine dosisabhingige Stérung der Koordination bewirkten, 
fiihrten Chlorpromazin und Prothipendyl zu einer Verlangsamung der 
Laufgeschwindigkeit und schlieBlich zu einer Blockierung zielgerechter 
Reaktionen. Reserpin verminderte gleichfalls die Laufgeschwindigkeit, 
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allerdings erst am der Injektion folgenden Tage. Die Ergebnisse zeigten 
auffallige Parallelitét zu Befunden, die mit tiblichen, auf bedingt- 
reflektorischen Ablaufen beruhenden Methoden nach der Behandlung 
mit den gleichen Substanzen erhoben wurden. 

Fiir die stetige verstandnisvolle Mitarbeit sei Fraulein R. ZerepEr an dieser 
Stelle herzlich gedankt. 
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Ataracties and Strain Differences in Audiogenic Seizures 
in Mice 
By 
N. PLoTNikoFrr 
(Received February 2, 1960) 


The phenomenon of audiogenic seizures, long regarded as a para- 
doxical behavioral response, has been classified by several investigators 
as an epileptic-like response to the conflict-producing situation of 
auditory stress (BEvAN 1955). It has been found useful to evaluate 
psychoactive agents against this acute behavioral response. Several 
investigators have reported that certain ataractics afford different de- 
grees of protection against the “end point” (the convulsion) of the 
“escape reaction” (PLOTNIKOFF and GREEN, 1957; LEHMANN et al., 
1958; Fink and Swrnyarp, 1959). However, the use of different strains 
of mice, routes of administration, and times of testing, not to mention 
a variety of test chambers and auditory sources has frequently com- 
pounded the difficulty of evaluating and comparing data of various 
investigators. 

This study demonstrates differences in degree of protection against 
audiogenic seizures afforded by three known ataractics in two different 
strains of mice. 


Methods 


The chamber and sound source were described in an earlier paper 
(PLoTNIKOFF and GREEN, 1957). The seizure chamber consists of three 
compartments, an inner one, constructed of galvanized tin (91/,” x 
9'/,"" 138/,"") and middle and outer ones of plywood 
14” and 14"/,” «15 x 15” respectively). The space between the four 
sides of the inner and outer plywood compartments was filled with loose 
asbestos insulation for soundproofing. Essentially, the procedure 
consists of placing groups of five mice in the test chamber and exposing 
them to auditory stimulation for one minute. The stimulus was pro- 
duced by two door bells, one of eight and one of ten volts, mounted on 
the right side of the inner galvanized tin chamber. The criteria used 
to measure protection in this study was the presence or absence of 
convulsions (clonic and tonic). Each drug was tested at three or more 
dose levels employing ten mice per dose. The dose which reduced the 
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total response to fifty percent of the control value (PD,,) and its standard 
error were estimated by the technique of MmLLER and TarntEr, 1944. 
More quantitative measurement of the pre-convulsive escape reaction 
(running) will be reported at a future date. 

Both chlorpromazine and meprobamate were administered by the 
oral route one hour before exposure to auditory stimulation. Reserpine 
was given by the intraperitoneal route 24 hours before the mice were 
tested. 

The animals used for this study were inbred male DBA-1 mice and 
inbred male Swiss mice. The DBA strain’ has a high rate of suscepti- 
bility to clonic and tonic convulsions (averaging 80 percent) for approxi- 
mately one week (between 21 to 28 days of age). 

The inbred male Swiss mice* have an exceedingly high susceptibility 
rate (averaging 95 percent clonic and tonic convulsions) for three weeks 
(between 21 to 42 days of age). 


Results 

Examination of the protective dose 50 percent (PD,,) values in 
Table 1 shows that it is extremely difficult to compare results from 
different strains and even sub-strains of mice. For example, in the case 
of chlorpromazine, a relatively small dose (PD,, 4.8 mg/kg) was sufficient 
to inhibit convulsions in the DBA strain; in the Swiss strain, the same 
drug at a wide dosage range (0.625 to 160 mg/kg) had no inhibitory 
effect on the occurrence of convulsions. Only marked potentiation of 
convulsions was observed with the use of chlorpromazine in the inbred 
Swiss strain. 

On the other hand, only a small difference in the degree of protection 
was shown by the use of reserpine in the two strains (DBA strain had 
a PD,, of 5 mg/kg and the Swiss strain a PD,, of 9.0 mg/kg). 

The second and most significant difference between the two strains 
was demonstrated with the use of meprobamate. This agent was extre- 
mely active in antagonizing convulsions of the DBA strain (with a 
PD,» value of 4.5 mg/kg) and relatively weak against the convulsions of 
the Swiss strain (with a PD,, value of 90 mg/kg). 


Discussion 


The diametrically opposed data obtained with the use of chlor- 
promazine emphasize the difficulty in comparing results from different 
laboratories. For example, Frisk and Swryyarp, concluded that pheno- 
thiazines are relatively weak antagonists of audiogenic seizures in mice 
1 DBA-1 strain obtained from the Jackson Memorial Laboratory, Bar Harbor, 


Maine. 
2 Swiss strain obtained from Fiona O’Grapy, 2336 Gunther Avenue, New York, 


New York. 
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of the Fring strain. The problem of strain difference is complicated 
even further when one considers that chlorpromazine is an active 
antagonist of convulsions in noninbred O’Grady Swiss mice (PD,, 
5.0 mg/kg — PLotnikoFF). However, the same strain inbred for charac- 
teristics of short convulsive latency (five to ten seconds) and extremely 
low mortality rate (less than five percent) is not protected by chlor- 
promazine. This genetic property of inbreeding may be compared to 
mutant strains of bacteria which have been found useful for biochemical 
mechanism studies. In this regard, it has been reported by ABoop and 
GERARD that susceptible mice have lower phosphate levels in their 
brains than nonsusceptible animals. It is suggested that other sub- 


Table. Protective dose 50 percent values of three ataractics against convulsions 
in two strains of mice 


Strain 


Drug? Route DBA-1 | Swiss (O’GRapy) 


PD,, mg/kg)+ S.E. 


Chlorpromazine ..... . Oral 4.8 + 0.67 Nonprotective? 
5.0 + 0.52 9.0 + 1.27 
Meprobamate ....... Oral 4.5 + 1.62 90.0 +. 0.57 


1 Sources of supply were as follows: Chlorpromazine: Smith, Kline and French 
Laboratories, Inc., Philadelphia, Pa. Reserpine: Chas, Pfizer and Co., Inc., New 
York, N.Y. Meprobamate: Wallace Laboratories, Inc., New Brunswick, N. J. 


2 Tested at a dosage range of 0.625 to 160 mg/kg. 


strains of strains known to be susceptible to audiogenic seizures be 
inbred for particular characteristics such as long latency of convulsion, 
moderate to high mortality rate, clonic convulsion, spastic-type con- 
vulsion, and tonic convulsion, etc. It is conceivable that other differences 
in protection by various psychoactive agents may be uncovered. Studies 
of this nature may provide a means of characterizing new compounds 
and studying mechanism problems. 

There are several conflicting reports on the action of reserpine against 
audiogenic seizures (TRIPOD, 1954; PLoTNIkorr and GREEN, 1957 and 
1958; Bevan and McCuryn, 1957; Brevec, 1959, Fovk and Swiryyarp, 
1959). In most cases, the critical points of difference appear to be the 
times of tresting and the routes of administration of the drug. The latter 
variable could be important in view of GLAzKo’s report that reserpine 
is hydrolyzed to methyl reserpine. PLotrnikorr (1958) reported signifi- 
cant differences in the degree of protection afforded by reserpine when 
the oral and intraperitoneal routes were compared. Furthermore, the 
actual peak time of activity of reserpine against audiogenic seizures may 
be closer to 24 hours when one considers the fact that pharmacological 
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effects such as sedation last for days. This variable of peak time is 
being investigated and will be reported in a separate study. Finally, the 
conflicting reports may simply be another example of strain difference. 

The results of this study prove the value of using several strains 
of mice to characterize the potency of new compounds in relationship to 
known ones. Certainly a more careful evaluation would appear to be 
warranted. Of possibly greater importance is the unique opportunity 
made available by inbreeding to study the neurochemical mechanism of 
action of various psychoactive agents. 


Summary 


1. Chlorpromazine was active in antagonizing audiogenic seizures of 
the DBA-1 strain and nonprotective against seizures in an inbred Swiss 
strain (O’GRaDy). 

2. Reserpine was found to be slightly more active against seizures 
in the DBA strain than in the Swiss strain. 

3. Meprobamate was approximately 18 times more active against 
seizures in the DBA strain than in the Swiss strain. 

4. It is suggested that strain differences be considered when neuro- 
tropic agents are evaluated against audiogenic seizures in mice. 
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Effects of Morphine and Nalorphine upon Tooth Pulp 
Thresholds of Dogs in the Alert and Drowsy State* 


By 
JanE E. Hene and Epwarp F. Domino 
(Received March 24, 1960) 


It is well known that morphine elevates the threshold for repetitive 
stimulation of the tooth pulp in dogs with chronically implanted elec- 
trodes (Koti and Rerrert 1938; Gorrzu et al. 1943; 1950; 
Borevs and SanDBERG 1955). However, opiates induce sleep which in 
itself may raise the “‘pain’’ threshold by 50 per cent (WoLrFr et al., 1940). 
Therefore, it was important to determine if the elevation in tooth pulp 
threshold caused by morphine was secondary to the drowsiness it 
produced, This report offers some experimental evidence in the eluci- 
dation of this problem. 

Chronic bipolar electrodes were implanted in the upper canine 
teeth of six mongrel dogs (7 to 10 kg) under pentobarbital anesthesia. 
By aseptic techniques Formex coated stainless steel wires were placed 
into two small cavities in the upper canines. The holes were sufficiently 
deep so that the pulp could be visualized through a thin layer of dentine. 
A small loop was made at the bared peripheral end of the wire and 
placed into the cavity which was then firmly packed with silver-mercury 
amalgam. Dental acrylic was placed over the cavity to insulate the tooth 
and to help prevent the wires from pulling out. The appropriately 
identified wires were led below the skin through the vestibule to the 
top of the scalp for ease of electrical stimulation. To prevent infection, 
each dog received 100,000 units of penicillin intramuscularly for 3 days 
after surgery. In order to maintain a constant environment all tooth 
pulp thresholds were taken in a relatively quiet room each morning, 
beginning 3 to 10 days postoperatively. To restrict extraneous move- 
ments the dog was placed in a stockade. Before the actual experiment 
the animal was throughly familiarized with the apparatus and environ- 
ment. Each of the upper canines was stimulated separately to determine 
which tooth gave the most reproducible response. Subsequently, 
that teoth was used for the remainder of the study. Repetitive shocks 
were applied to the tooth via the bipolar electrodes. A Hunter interval 
“timer triggered a Grass Model S4B stimulator and isolation unit. Square 
wave pulses of 1 millisecond duration usually at 100 cycles per second 


* Supported in part by grant MY-2653, United States Public Health Service. 
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for 1 second were repeated every 3 to 5 minutes in order to determine the 
threshold intensity to produce the characteristic response. For purposes 
of comparison a frequency of 30 cycles per second was used in one dog. 
In some experiments both voltage and current were monitored. Inas- 
much as the current thresholds paralleled the voltage thresholds the 
data were expressed in volts for reasons of convenience. 

The responses produced by stimulation of the tooth pulp varied 
between dogs but were consistent in each individual animal. A sufficient 
period of training was needed for the observer to differentiate spontane- 
ous movements from those caused by stimulation. The intensity of repe- 
titive electrical stimulation of the tooth pulp required to elicit a charac- 
teristic reaction response varied with the state of the animal. If the dog 
was wide awake the threshold of stimulation was lower than when the 
animal was drowsy or lethargic. The criterion for a response was a 
definite motor movement such as opening the mouth, chewing, or 
licking. After a period of training when the thresholds were stabilized, 
control thresholds were obtained in both the alert and drowsy states on 
the day that morphine and nalorphine were administered. The alert 
state was considered that in which the eyes were open and the dog was 
aware of minor changes in the environment, vocalized, or made some 
motor movement indicating an aroused or awake condition. The 
drowsy state was defined as that in which the eyes were closed and the 
animal was quiet and unaware of minor stimuli in the environment. 
After relatively constant thresholds were obtained a dose of 2 mg/kg of 
morphine was given intravenously and antagonized with 1 mg/kg of 
nalorphine given intravenously. The effects of morphine on the tooth 
pulp thresholds were determined periodically every 5 to 10 minutes. 
At the time of maximal elevation of the tooth pulp threshold following 
morphine (usually within 30 to 60 minutes) nalorphine was administered. 
The peak effect of nalorphine was usually 6 to 15 minutes after injection. 
The data obtained at maximal effect are listed in table 1. The tooth 
pulp thresholds after morphine were obtained immediately after the animal 
was awakened from deep morphine narcosis by gentle tapping on the 
table. Thus, the animal under morphine was aroused and aware of his 
surroundings at the time that the tooth pulp was stimulated. Inspection 
of table 1 shows a consistent trend in the effects of various treatments 
in each dog. In each animal both the drowsy state alone and morphine 
produced an increase in the threshold voltage greater than that seen 
during the awake state. Nalorphine reduced the elevated threshold 
after morphine toward the control level. Individual differences in dogs 
are indicated since each animal responded at considerably different 
threshold voltages. In a 2 way classification analysis of variance this 
individual difference in dogs was significant at the 5 per cent probability 
level. A Student ‘‘t’’ paired comparison test was used on the different 


i 
sty 


435 


combination of treatments summarized in table 1. The voltage required 
of elicit a response during the alert state was found to be significantly 
different (P< .005) from that in the drowsy state. When the threshold 
during the alert state was compared to that after morphine, a 2.5 per cent 
level of significance was obtained. The data also show that the elevation 
in tooth pulp theshold produced by morphine is greater than that of the 
drowsy state alone (P<.05). Threshold voltages after morphine were 
also significantly different from those after nalorphine antagonism. 


Table 1. Effects of morphine and nalorphine on the threshold voltages required to 
elicit a response to repetitive stimulation of the tooth pulp in chronic dogs 


Threshold in Volts + S.D. 
Dog Control State Morphine Wasteaphine 
Q (N 

Alert (A) Drowsy (D) 2 mg IV lmg 

I | 30+0 4.040 7.040 5.040 

VI | 15+0 38+ 3] 53+ 6| 30+0 
VII 2.00+0 60+ 8} 60+0 3.3+ 4 
VIII | 38+ 3] 83+ 147+ 6] 734 6 
X | 1034 56/120+1 | 18042 | 105435 
XII .7 | 143+ 4 | 260+0 9.7+ 6 


1 The voltage for each observation was measured to the nearest 0.5 V, but the 
threshold listed is the mean of 2 to 4 observations. The standard deviations are 
given only as an index of the reproducibility of the observations but were not inclu- 
ded in the student ,,t‘ paired comparison test. The pairs compared with their P 
values are as follows: A—D, <.005; A—M, <.025; D—M, <.05; M—N, <.05. 


Similar results were obtained when an analysis of variance of the 
subdivisions of treatment was performed except that the analysis of 
variance differed from that of the Student ‘‘t’’ test in that the thresholds 
during the alert state were significantly different from that of the 
drowsy state only at the 7 per cent probability level. The discrepancy 
between these two tests is probably due to an overestimate of the true 
error in the analysis of variance since the residual term included both 
interaction and sampling error. The results indicate that the effect of 
morphine in elevating the threshold for repetitive stimulation of the 
tooth pulp in chronic dogs is greater than that due to drowsiness alone. 
After morphine, nalorphine is effective in lowering the tooth pulp 
threshold toward the control alert state. 


Summary 
The alteration of tooth pulp thresholds of dogs with chronically 
implanted electrodes was determined in the awake and drowsy states 
after morphine and nalorphine. The elevation in tooth pulp threshold 
was significantly greater after morphine than during the alert or drowsy 
state of the animal. Nalorphine antagonized this effect of morphine. 
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abstand) eingereicht werden. Die Abbildungsvorlagen werden auf besonderen Blattern erbeten 
und sollen mit einer kurzen, klaren Abbildungsunterschrift (Legende) versehen sein. 


7. Die Abbildungen sind auf das sachlich Notwendige zu beschranken. Kurven und 

phische Darstellungen kénnen als Bleistiftskizzen eingereicht werden; die reproduktions- 
fahige Umzeichnung erfolgt durch den Verlag. Fiir Halbtonbilder werden Originaiphotos 
auf Hochglanzabziigen erbeten. Die gleichzeitige Wiedergabe eines Befundes in einer gra- 
phischen Darstellung und in einer Tabelle ist zu vermeiden. 


8. Die Literaturhinweise im laujenden Text erfolgen durch Nennung des bzw. der Autoren- 
namen (u. U. in Klammern), wenn es sich um einen oder zwei Autoren handelt. Bei mehr 
als zwei Autoren wird nur der erste genannt, gefolgt von dem Zusatz ,,et al.““. Werden mehr 
als eine Arbeit desselben Autors oder derselben Autoren zitiert, so ist hinter dem Namen das 
Erscheinungsjahr der Arbeit anzugeben. Stammen mehrere Arbeiten desselben Autors oder 
derselben Autoren aus dem gleichen Jahr, werden die Buchstaben a, b, c usw. der Jahreszahl 
beigefiigt. 

Im Literaturverzeichnis am SchluB der Arbeit sind die zitierten Arbeiten ohne Numerierung 
in alphabetischer Folge nach dem Namen des ersten Autors bzw. Jahreszahl und u. U. a, b, ¢ 
bei mehreren Arbeiten desselben Autors, zu ordnen. Jede zitierte Arbeit enthalt den oder 
die Namen und Initialen aller Autoren, den vollstandigen Titel des Beitrages in der Original- 

rache, den Titel der Zeitschrift (abgekiirzt nach World Medical Periodicals, 2. Auflage 1957, 
orld Medical Association), die Bandnummer Anfangs- und Endseitenzahlen sowie die in 
Klammern gesetzte Jahreszahl. 

Beispiel: Dews, P. B.: Studies on behavior, IV. Stimulant actions of methamphetamine. 
J. Pharmacol. exp. Ther. 122, 137—147 (1958 a). 

Biicher werden zitiert mit Namen und Initialen des oder der Autoren, volistandigem 
Titel, Auflage, Erscheinungsort, Verlag und Erscheinungsjahr. 

Beispiel: Buevier, E.: Lehrbuch der Psychiatrie, 9. Aufl., Berlin-Géttingen-Heidelberg : 
Springer 1955. 

9. Von jeder Arbeit stehen insgesamt 75 kostenfreie Sonderdrucke zur Verfiigung. 


10. Die Originalmanuskripte sollen zusammen mit einer Kopie gerichtet werden 


a) fiir die USA und Kanada an: 
Dr. H. Ispety, National Institute of Mental Health, Addiction Research Center, 
U.S. Public Health Service Hospital, P.O. Box 2000, Lexington, Kentucky 
b) fiir die tibrigen Lander an: 
Prof. Dr. E. Roraii, Sonnenweg 6, Basel/Schweiz 
c) oder an ein anderes Mitglied der Redaktion nach Wahl des Autors. 
11. Herausgeber und Verlag bitten dringend um genaue Beachtung dieser Richtlinien sowohl 


hinsichtlich des Originalcharakters der Beitriige als auch der technischen Einzelheiten. Dies 
erleichtert die Zusammenarbeit zwischen Autoren und Herausgebern und hilft die Publikations- 


fristen abzukiirzen. 


| 
| 


10 
Directions to Authors 


1. “*Psychopharmacologia” is intended to provide a medium for the prompt publication 
of scientific contributions concerned with the analysis and synthesis of the effects of drugs 
upon behaviour, in the broadest sense of the term. Such contributions may be of a clinical 
nature, or they may deal with specialized investigations in the fields of experimental psychology, 
neurophysiology, neurochemistry, general pharmacology and cognate disciplines. 


2. The following classes of articles may be submitted for publication in the journal on the 
initiative of the authors: Original Investigations, Clinical Reports, Short Communications, 
Letters to the Editor and Bibliographies of Current Literature. Publication of Review Articles 
is limited to those that have been prepared on invitation by the Editorial Board. 


3. The contents of articles submitted must not have been previously published or be 
offered for publication in any other journal. 


4. Articles for the journal may be prepared in English, French or German, and should 
include a brief summary in the lancuage of the text or in one of the three languages mentioned, 
as the author prefers. 


5. Articles dealing with original investigations should be prefaced by a concise introduction 
to the problem in question; this should be followed by sections dealing with Methods, Re- 
sults, Discussion, Summary, References. 


6. The text should be as clear and brief as possible. Manuscripts should be typed with 
maximum legibility (double-spaced) on one side of the page only. It is requested that illus- 
trations be submitted on separate sheets and provided with complete legends. 


7. Illustrations should be restricted to a minimum. Graphs and diagrams may be submitted 
as pencil sketches, since re-drawing for reproduction will be attended to by the publisher. For 
half-tone reproduction, good original photos on glazed paper are requested. The same item 
should not appear simultaneously in a table and a diagram. 


8. Publications referred to in the text should be preceded (if necessary parentheses) by the fa- 
mily name of the author or authors, provided there are not more than two, Should there be more 
than two authors, the family name of the first is given and the words ‘‘et al.” added. If more 
than one publication of the same author or authors is quoted, the year of publication should 
follow the name, and in the event of more than one work of the said author or authors appear- 
ing in the same year, the letters a, b, c, as occasion demands, placed after the date. 

All citations should appear unnumbered in ‘‘ References” and in alphabetical order follow- 
ing the name of the first author. In the case of more than one publication by the same 
author, the year and a, b, c, as occasion demands, should be added. Every article cited 
should include the names, followed by initials of all authors, the full title of the contribution 
in its original language, the title of the journal (abbreviated as indicated in the list of ‘World 
Medical Periodicals’’, Second Edition 1957, World Medical Association), volume, number of 
the first and last page and (in parentheses) the year. 

Example: Dews, P. B.: Studies on behavior, [V. Stimulant actions of methamphetamine. 
J. Pharmacol. exp. Ther. 122, 137—147 (1958a). 

Citations of books should include the family name of the author or authors, followed by 
initials, the full title, edition, place of publication, publishers, and year of publication. 

Example: Biever, E.: Lehrbuch der Psychiatrie, 9. Aufl., Berlin-Géttingen-Heidelberg : 
Springer 1955. 


9. For each paper 75 offprints are provided free of charge. 


10. The original manuscript, together with one carbon copy should be addressed: 
a) for U.S.A. and Canada to 
Dr. H. Ispety, National Institute of Mental Health, Addiction Research Center, 
U.S. Public Health Service Hospital, P.O. Box 2000, Lexington, Kentucky 
b) for the other countries io 
Professor Dr. E. Roruiry, Sonnenweg 6, Basel/Schweiz 
c) or to any other member of the Editorial Board the author may choose. 


11. Editers and publishers request the strict observance of these directions, both as regards 
the original character of the manuscript and the technical details. This facilitates co-operation 
between authors and editors and helps shorten the period for publication. 
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Directives destinées aux auteurs 


1. La revue «Psychopharmacologia» a pour but la publication 4 bref délai de com- 
munications scientifiques relatives 4 l’analyse et & la synthése des effets des drogues sur le 
«comportement» dans toute l’étendue du terme. Ces publications peuvent étre d’ordre 
clinique; il peut s’agir également de recherches spécialisées dans les domaines de la psycho- 
logie expérimentale, de la neurophysiologie, de la neurochimie, de la pharmacologie et de 
disciplines apparentées. 

2. La revue publie tous travaux originaux, communications cliniques, communications 
bréves, lettres 4 I’éditeur et bibliographies. Les revues génévales ne pourront toutefois &tre 
publiées que sur demande de la Rédaction. 


3. Le contenu des articles ne doit pas étre publié ni étre envoyé dans ce but 4 d’autres 
revues. 


4. Les manuscrits doivent étre rédigés en francais, en anglais ou en allemand. Tout 
oix "auteur. 


5. Les articles traitant de travaux personnels contiendront une introduction courte mais 
précise au probléme traité suivie de paragraphes relatifs 4 la méthode, résultats, discussion, 


résumé et bibliographie. 

6. Le texte doit étre aussi clair et aussi bref que possible. Le manuscrit doit étre 
lisible, tapé & la machine (double interligne) sur le seul recto de la feuille. Les illustrations 
seront accompagnées de légendes concises et figureront sur des feuilles séparées. 


7. Les illustrations seront limitées au strict nécessaire. Diagrammes et graphiques peuvent 
étre présentés sous forme d’esquisses au crayon, la reproduction définitive étant assurée par 
Péditeur. Les auteurs sont priés d’envoyer les photos originales sur papier glacé pour les 
reproductions en demi-ton. Un méme résultat ne sera pas représenté simultanément sous 
forme de graphique et de tableau. 


8. Les références du texte seront suivies du nom de ou des auteurs (éventuellement entre 
parenthéses) s’il n’y en a pas plus de deux. Dans les autres cas, le premier seul est cité suivi 
de «et al.» Si le méme, ou les mémes auteurs, sont plusieurs fois cités, on fera suivre le nom 
de la date de parution de chacune des ceuvres nommées. Au cas ot plusieurs ouvrages du ou 
des mémes auteurs dateraient de la méme année, on ajoutera a la date les lettres a, b, c, etc. 

Les ceuvres citées seront classées 4 la fin de l'article dans une bibliographie sans numéra- 
tion, par ordre alphabétique selon le nom du premier auteur, de la date de parution et des 
lettres a, b, c, etc. dans le cas oi: il existerait plusieurs ouvrages du méme auteur. 

Les références des ceuvres citées se présenteront comme suit: nom de |’auteur, initiales 
des prénoms, titre complet dans la langue originale, titre de la revue (abrégé selon le systéme 
des World Medical Periodicals, 2éme édition 1957, World Medical Association), tome, numéro 
de la premiére et de la derniére page, année (entre parenthéses). 

Exemple: Dews, P. B.: Studies on behavior, IV. Stimulant actions of methamphetamine. 
J. Pharmacol. exp. Ther. 122, 137—147 (1958a). 

Les livres seront cités précédés du nom et initiales des prénoms du ou des auteurs; titre 
complet, édition, lieu de publication, éditeur, date de parution. 

Ezemple: Buevier, E.: Lehrbuch der Psychiatrie, 9. Aufl., Berlin-Géttingen-Heidelberg, 
Springer 1955. 

9. Il sera fait de chacun des articles publiés 75 tirés 4 part mis 4 la disposition des auteurs 
a titre gratuit. 

10. Les manuserits originaux accompagnés d’un double doivent étre envoyés 


a) pour les U.S. A. et le Canada au 
. H. Ispett, National Institute of Mental Health, Addiction Research Center, 


U.8. Public Health Service Hospital, P.O. Box 2000, Lexington, Kentucky 
b) les autres pays au 
Prof. Dr. E. Rorutrs, Sonnenweg 6, Bale, (Suisse) 
c) ou & tout autre membre de la rédaction selon le choix de l’auteur. 
11. Les éditeurs et les rédacteurs prient instamment d’observer strictement ces directives 


aussi bien en ce qui concerne le caractére original du manuserit que les détails techniques. 
La collaboration entre auteurs et éditeurs en sera ainsi facilitée et les délais de publication 
raccourcis. 
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